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and run down again for more, carrying 
pellets of earth, bits of stone or sticks 
larger than themselves, or sometimes 
rare finds such as shells of small snails 
or the droppings of caterpillars or of 
mice Fig. 2 Many of these objects 
are collected from afar. Colored saw 


dust was brought sixty feet back to the 


mound, other particles are ever collected 


from the base of the mound when they 
roll down, and the ants more than make 
good the loss from the mound as they 


clean the base down even below the nat 


ural level, removing the top soil till the 
revealed 


coarse stones of the subsoil are 


in a depression all about the mound 
base, forming a Brobdignagian pave 
ment court at the front doors of the 
building, all the ants’ entrances being 
small holes here and there about the 
base of the hill, leaving the apex and 
sides commonly with neither door nor 


window. 
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quit 
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pounds per square inch down a foot o1 
more to the ground le r even deepe! 
In fact, the interior is not solid eart 
but a spongework whose walls eol ips 
with pressure, and some of the bulk 
the mound is mere air held in the inte 
nal passageways that constitute the r 
dwelling of the ant. Cutting into tl 
mound the walls ma erumble in sand 
soll so that the strueture is not easil 
understood, but in « tl walls stand 
firm and we ¢ mprehend that here Is a 
eontinuous labyrinth in three dime 
sions occupying most « the space b 
neath the domed root 

Some passageways seem rather ho 
zontal and others approach the vertiea 
but here the ant has no Such guide ¢ 
structures at right angeles | vertiea 


and horizontal as the honey bee has in 


its hive. Many passageways run rather 


parallel to the sloping roof and others 


radial in the dome. Even in sandy so 


we get the same idea of the structure of 


the labyrinth by allowing the mound to 
into it: 


freeze in the winter and sawing 


by infiltrating the sand with paraffin 
by filling the passageways with plastet 
and then washing away the 
that 


branchine 
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between the passage 
stand out as 


earth 
they 


Ways SO 
now solid 
strands as shown in the illustrations; or 
by filling the with 
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paral 
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it with plaster and then baking out the 
paraftine to make a positive of the orig 
inal mound. An ant coming home to its 
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about the itself 


fronted with a labyrinth with no exact 


doors base finds eon 


horizontals, verticals, diree 


compass 
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plaster dark are the re 


spaces 


gvions from which was washed away the 


SCLEN TIE 





TC MONTHLY 





earti that onee formed Thre ~~ 
tresses that held the mound o 
Ve 1 view OT a like casting ex 
ency toward horizontal passag 
ml many diagonal. obliqu 
i 
fi rhnts Tron stor to stor thre 
P ’ 

! Ss il | Sa\ il ) }) rts 
+ ] + ] 
inued the horizontal tunnels 

TI earth buttresses here sl] 

. . ] ; 

rR Spaces are a SIZeS and riiis 

Tiubihe ~ «>r" Passaveways are 

ul rm. Measurement shows tl 
‘0 mm in diameter and that the 
ontal width is almost alw Ss 
1 n the heigl f each tunnel 
ferences” ma he Y ft > mi 


In such tunnels the ant has p 
room, since with a leneth of 7 . 
ts antennae and its lees may s ul 
apart about 7 mm and its heig 
fmm; and the ant can crawl th 
much narrower space when its 
not so outspread 
Running at speed the ant very s { 
comes to a choice of ways, sine 
blocks or leneths from brane! 
branching are very short, scarce at 
only 9 to 45 mm, with sometimes 
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one to several feet. These tunnels in 
subsoil are lined with mud from the top 
soil, and the linings may stand out 
clearly from differences in color, as in 
the burrows of earthworms, and these 
linings lead one to assume that these 
tunnels are frequently used, supposing 
that the lining ts the result of accidental 
droppings trodden down by feet 

Krom the netted labyrinth down into 
these shafts all the ants finally deseend 
and crowd together here and there in 
dlense masses with compacted limbs 
Here they rest during a third of the 
vear ina torpid state, able to move their 
limbs and even to stagger about when 
exposed but no onger capable ot 
working 

As ants do not maintain a high tem 
perature they soon are cooled below a 
working basis, and this dependence of 
activity upon temperature of the sur- 
roundings is most striking. It was 
found that some of these ants, kept for 
two hours at zero Centigrade, could at 
one degree not only move their legs but 


serabble along weakly and walk very 


poorly at two decrees, could walk on the 





ceiling of a e@lass test tube at 


though slowly. Cooled down to 4 
erees below zero these ants remai 
inert but soon recovered whe) 
temperature rose. In March or 
earlier, according to temperatures 
ants begin to come up from the dept! 
and some emerge onto the outsid 
mound 

There these ants beein 


since last November, and it is the rep 


of the mound damaged by the winte) 
perhaps eracked from shrinkage. Lat 
food will be sought and laters 
breeding will begin As far as ki 
there is no storage of food down in 
earth to carry the ants through thi 
ter, but each ant may have stores v 


itS own body: as all have shared w 


others during the summer, the ants n 


eo into winter quarters with surplus 


and the entire community may pu 
through the lone season of inaetivit 
and little need of food In this senst 
these ants ‘‘are a people not strong, vet 
they prepare their meat in the sun 
mer.”’ 

When a whole community was kept In 
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inches of earth accumulated between the 


shatts tends to st p the mouths and 


must be ever removed by the ants till 


finally the mound is allowed to 


over at the top and new openings art 
made near the base, since within th 
heaping mass side connections between 
the shafts were soon established allow 
ine the ants to run from shaft to shat 
and thus makine eontinuous network 
within the irth mass thrown up 
Eventually the mass of earth thus 
nined and brought to the surface and 
heaped as a rude mound is_ supple 
mented by extensive « etions of mat 

rials found ready on the surface of th 
earth and brought little by little by the 


ants to add to what thev hi 
home the 
weather S a most important tactor: 
neither too hot and dry nor 


eold will serve the bul du Yr ant we 1] 


Observations of ants digging into clay 
in glass boxes and in glass tubes show 
that no progress can be made in dry 
( ay nor mud Wi ( sand cal be 


legs, dog 


front 
But when the clay 1s 


jaws of the ant moving sidewise 


plastic 


tick into it and are then brought to 


evether to wrest off a little bit as a man’s 


hands shoved sidlewise together micht 


squeeze ott eiay Tl Is ereat 


re quires 


efforts on the part of the ant, painful to 


observe. Not only are the Jaw muscles 


worked. but the whole head is twisted 


on the shoulders to worry off a bit of 
the 


braced SO that 


tenacious clay, and the lees are 


no part of the ant seems 


at rest, giving a picture of a terrier bit 


ing at a root in its frenzied digging 
Maybe twenty such minute bits, each 5 
to 160 hundredths of a 


mm, are pulled 


and let fall, coming with a 
that 
and then rapid sweeping movements of 
the head and front feet 


bits beneath 


loose 


away 


noise may be heard and imitated, 


shove the aeceu 


back the worker 


mulated 
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the work 
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With the drying sum 
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each 
slackens 


nevs are closed in at the 
pellets to the outsid 


additions of 


the collecting of foreign material to 


to the new roof the 
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little dimples and finally are los 
geradual thickening of the 
surface. It seems that the mate 
that are thus rapidly brought out o 
mined out 


ant hill after a rain are 
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. this turn depends 
flourish near sma trees, not that 
t eats the ves or the bark. but 
tl cadepeha lara ipon the Juices 
the trees as their daily bread. How 
{ tices of the trees are handed 
rto the ants by certain suckine 1h) 
sects, such as plant lice (aphids), tree 
ppers nad Seate-insects. which seem 
unable utilize all the sugars they get 
1 t ip of the trees and must needs 


off some of it, which, being stick) 


near and were best 


IS a huisance i 
far removed 
Near every mound we expect to find 
suc feedine trees, oaks Pines black 
locusts or tulip-poplars from which pro 
cessions of ants run back and _ forth, 


to the tree from the 


some ants comine 
nest and others returning trom the tree 
to the nest, running rapidly in oll 


defined paths in seattered open forma 


tion llere again the etfect of tempera 
ture is patent; though, if it be warm, 
thre ants work all nicht The ehill ol 
evening slows their pace and they may 
run alone at a slow rate of twenty s« 

onds to cover one foot at 11 degrees 
while at 30 degrees they run it in only 


t seconds 
Coming then to the food tree up they 
f a foot in 8 to 


I 


eo rapidly at the rate o 
degrees and helter 


16 seconds at 2) 


skelter down again even faster, a foot in 
ft to 10 seconds, although they are 
loaded with clear liquid that makes their 
bodies swollen and translucent and adds 
to the weight they had going up actu 
ally about one third 

If vou can follow these ants running 
in lines up the tree trunk you will find 
them spreading out along the branches 
and finally paying visits to the little 
that produce the sweet liquid 


This is taken by 


suckers 
known as honey-dew. 
the ants and eagerly drunk. to fulness 


and ultimately carried to the home 
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the part ol varbaewe mat who cal 
Vaut mucl eood food ron S 


him 


C,ettine thre hone V-diew IS @Hs S 


Is SO freely offered upon mere suggest 
that even clums\ hal lay Lrici lhe 
discharge by mere tickling, vet Tl 
ning up and down t tre ! 

sun is hard work At the botton 
such trees we find holes 1 t 

the earth and descending ants e1 


In as it they might be going by 1 


back under ground 1 the nt 
However, when we mark the ants 
find that the come out again and 
up the tree again or off over the su 
of the earth Examination proves t 
oo-downs to be but Shall Imitatiol 
nests in which the ant does but 1 
while and clean herself and sisters 
obtain the dampness and freedom 


sunshine that home affords 


Important as is this honev-dew 


the maintenance of the commu 


; . 
rood Of This 


by no means the sole 
and much meat food is brought 
into the home, with some benefit t 


forest, as often injurious insects 


thus ce stroved. 


Nothine iS SO powerful as To quell 
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THE 


( ! I Hes s Drought as many 
! Ves S There ur emptied 
‘ HS cis} A \ large ant 
t L fhet\ Z1izZ eas varments to the 
‘ ! ( S CS mated To nave 
brou t rth 13.144 new members of 
the han \ ! ia | TO make eood The 

SSCS rol cldents and enemies ot 
many kinds that tend to decimate the 


though each ant may live several 


colony 


ears, p ybab sucl ite does not 
overtake 

All these 1 ts arose from ees 
that were tended and cared for by the 
common working ants who feed the 
young as W s all the adults mutu 
ally; however, the eggs themselves were 
laid by a specialists, the so-called 
queens, that have tittle part in the com 


munity save this all-important one ol 
workers to at 


little 


have the 


makine the eves for the 
While the 


production 


workers have 


tend 


part in ege they 


; 


aL ecled powers to care Tor the eves they 


queens may be 


did not produc The 


up to 32 One 


rew mound contained by 


actual count 8.228 workers and only 11 


} 


queens. As for the male ants they are 
found for but a short part of the season, 
and, however necessary for the continu 
ance of the community, they perform 
nothing in the daily round of food get 
the ant hill. 


serves for breeding 


working at 
hill that 


ting and 
The ant 
vear after vear through some decades 
owes Its continuance to very many fae- 
and the addition of 


Here 


again temperature underlies this activ- 


tors, sueecessful 


young is not the least of these. 


ity It is well 
bre ed 


known that ants in cap 


tivity do not unless the tempera 


ture is high enough and also the 
but all if the 
the 


warmth is not 


young 
slowly or not at 
sufficient As 


row 
ant 


seems to have little means of keeping its 
ean not 
the 


finding of 


own body warm, in the cold. it 


furnish the needed warmth for 


young but must trust to the 
for breeding 


warm places and seasons 
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success. The mound rnishes . 
needed — he r bh i 
mound is only a transfor 
server of heat, received from the s 


ars from such curves as that s 


appre 


by the results rot by THrusting 
mometers into all parts of an ai 
and reading them hour by | r 


and nicht \s 


curves show. the air is warmed 


a September day 


day and cooled in the night and 





true also of the eartl The ant | 

eels the diurnal pulse, but the su 

ill the temperatures at apex and s \ 

of the ant hill shown by the dotted 

Kie. 7) is more uniform, not drop 

off at might, as did the general sol 

side the mound. In this case one ; 

of the hill. the southwest fae S 

a separate curve rising greatly 

day and falling low at night; this 

acts as the furnace for the comn 

taking in much heat by day and los ' 

much by night, but the whole n ' 

tends to conserve some of t 

warmth and carry it over from da 

TO daylight. Here again tl we 

determines the results. Lone rain ai 

cloudy weather makes not on! 

dwelling but a cold one, and worl 

reproduction are deferred or slowed it 
That the ant hill serves as ineubat SI 

for the eges and brooder for the to 

with its architect m 


IS connected 


Built of innumerable connecting ro: 


under a common roof that Is great eq 
heated, more in one part than anoth ol 
the walls heat the inner air and, as ni 
the closed attie of a man’s house th 
long before this heat is dissipated () he 
serving the ants in the open we find al 
collect their young and eggs in cer to 
parts of the mound and aecording cr 
both temperature and moisture co! al 
tions transport them hither and 

renerally through the interna b 01 
rinth, but sometimes outside ov b: 
roof. In the laboratory also we s ti 
these ants carry their young Vi 
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FIG. 7. TEMPERATURE CHANGES DURING TWENTY-FOUR HOURS IN 
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cooler to warmer areas, but there is a 
limit to the heat they select and they 
shun too warm a place as they cease also 
to work on the sunny exposures of the 
mound when the sunshine makes it too 
hot. The ant hill not being built at the 
equator of the world receives more heat 
on one face than on others and fur- 
nishes the choice of temperatures that 
the ants make use of. This heat may be 
held for some time after the sun is gone 
and so there is not as much interruption 
to breeding as would arise without this 
conservation, which depends upon the 
ant’s engineering abilities. 

That the heat rays and not the light 
of the sunshine serve the ant was shown 
by keeping an ant hill with its inhabi- 
tants in a dark room for more than a 
year. Here the ants proceeded to build, 


to mine, to collect stones and sticks, to 





get honey and meat 
their young and to transport them, all 
with reference to grea 
greater warmth produced 


While 
lives in part in the darkness of the earth 


tric stoves. this 
and in part in the sunshine of outdoors 
it ean build, collect, find its way to and 


from the mound, feed and breed in the 


dark, under these laboratory conditior 


S 


it had not before experienced. 


Résumé 
The ant hill is a ton or so of material 
the 
years of labor and put together to serve 


S 


collected by ants through many 


as the home for the group of thousands 
of ants that build it 

Each ant works individually without 
any apparent connection with othe 
ants, having, apparently, in its own 
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body the ideal of the ant hill that is to 
be and which once achieved must ever 
be repaired and maintained by its labor. 

The hill that is built arises only under 
favorable conditions, and so many of 
these conditions are supplied by the sun 
that one may almost say that the ant 
and the sun have entered into partner- 
ship; the sun adding the capital in the 
form of heat and the ant supplying the 
plan and the executive ability for the 
enterprise. 

The sun’s contributions ebb and flow 
with the motions of the earth. In win- 
ter the business of the ant hill is at a 
standstill; the sun gives too little heat; 
the ants retire deep beneath the ant hill, 
where they rest in subeellars till in 
spring the sun again contributes to the 
hill such heat as will gradually draw the 
ants forth into activity. 

Again every night insufficient warmth 
retards the work of the ant, though 
within the ant hill some of the warmth 
of the day is stored up and utilized by 
the ants. On the other hand, at midday 
there may be too much heat supplied by 
the sun and then the ants cease to work 
on the mound. 


More indirectly the sun helps to sh; 


the ant hill, for the clouds that the sy 


is responsible for modify the work 
the ant and the rain that may fall w 


the mound changes the character of t! 


ant’s work so that alternations of r: 
and dry are effective as alternations 
day and night, winter and summer 
enabling the ant to cooperate with t 
sun towards the perfection of the 
hill. 


No ant hills long continue except t 


have the optimum exposure to the sw 


those in the shade are abandon 
Moreover, some ant hills show in th 
outward form the influence of the su 
being built by the ant more toward 
sun than away from it. 

In brief, the location of the ant’s h 
and its structure as well as the us: 
may be to the ants depends upon 
warmth the sun furnishes. 

The sun as well as the ant is resp 


sible for these tiny mountains, thes 
mere ant hills; and so much is the ant 
hill a product of temperature that w 


might fancy that sun-spots may lea 
some trace in these ant hills! 

















THE BROAD POINT OF VIEW IN PHYSICS 


By Professor R. B. LINDSAY 


PHYSICAL LABORATORY, 


WueEN Friedrich Nietzche some fifty 
years ago proclaiming the 
dogma of the superman, it is highly im- 
probable that he had in mind the mathe- 
matical therefore a 
curious illustration of life’s little ironies 
that at the end of the third decade of the 
twentieth century increasing popular in- 
terest should acclaim as the modern 
‘‘(*bermensch’’ the gentleman 
tell us what this universe is made of and 
how it really works, reciting the story 
in language so teeming with symbolism 
with y’s and $’s and y’s—that to the 
humanist it must almost seem as if the 
ancient Greeks had come to life again to 
give heart to the classicists. It is not 


was new 


physicist. It is 


who can 


surprising that the modern versions of 
the ‘‘De Rerum Natura’’ should be so 
fascinating to the iayman, yet there must 
also be a lurking bewilderment in the 
mind of the latter. Everything should 
be so clear, so manifest, and yet some- 
Jeans and Ed- 
rather elusive. 


is some excuse 


how even after reading 
dington he finds it all 
Perhaps after all there 
for pausing awhile and pondering over 
the old question—‘‘What is physics?’ 
It is a large question, and the answer 
to it will of course vary from age to age. 
But there are a few points of view which 
do not seem to suffer from over-empha- 
sis. These we wish to examine here. 
Definitions of physics have not been 
lacking. They run all the way from that 
of the late W. S. Franklin: ‘‘Physies is 
the science of the ways of taking hold of 
things and pushing them’’—which must 
titillate the mental palate of the engi- 
neer, to that implied recently by Dr. 
Paul Heyl: ‘‘ Physics is a state of mind,’’ 
a definition to tickle the fancy of the 
philosopher. However, to define is ever 





BROWN UNIV! 


difficult; perhaps one s lL bi 
to say that phy sics 1s the business 
physicist and then try to catch a glir 


of the latter at 
when James Clerk 


work. It is reported t 
Maxwell was a s1 


boy he was fond of asking with referer 


to any new thing about t house 
‘*What’s the go o’that?’’ Nor was 
content to be put off with a vague 
swer, but insisted on knowing the ‘‘ par 
ticular go’’ of it. His later brilliant 
though all too short, scientific career 


was a happy development of this child 
hood propensity. I think we may take 
this attitude as being signifi ; 
acteristic of the physicist—perhaps 
reaching its highest intensity in the mind 
of the physicist. What is his situation? 
He is confronted with a world of repro 
ducible 


variety. 


sense impressions of extreme 
By a peculiar process of ab 
straction he separates certain portions 
of these their 
particularly detailed examination. He 


makes, for example, careful observations 


from surroundings for 


of motions of bodies and so develops the 


science of mechanics. He investigates 


what 
which 


*“meets the eye’’ and by a 


process 


is still a mystery to many con 


And so the 


things he 


structs the science of optics. 
About all 
weaves ingenious theories expressed in 
And 
these very theories suggest new and more 
detailed 

Thus the 
created that superb structure known as 


story these 


woes, 


the symbolism of mathematics. 


phenomena for investigation 


process of specialization has 


modern physics, so towering, so mag- 
nificent and yet unfortunately so little 
understood by those who gaze 
the outside 
There 


these speciali ed results into som 


on it from 


with so much admiration. 
of gathering 


kind 


task 


remains the 
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of whole—the process of integration, 


It involves tak- 


never an easy matter. 
ing a broad point of view, a very broad 


point of view, perhaps more often asso- 
ciated with philosophy than with science, 
but one nevertheless very necessary for 
the latter. There is a world which 
physics has constructed. We leave aside 
the question as to whether it is the real 
world, for the question of reality has 
curiously enough little interest for the 
physicist. What is this world, what is it 
like and what must we do to understand 
it ? 

The details of the world of physics are 
multifarious and not so easy to grasp 
asa whole. But there is one thing which 
is really far more important than 
knowledge of the details and which 
moreover we can accomplish: that is, an 
appreciation of the method by which this 
world is constructed. Now if one in 
search of information on this head were 
to enter a modern physical laboratory, 
he would undoubtedly see some rather 
queer things—whole structures of com- 
plicated glassware enclosing equally 
complicated and intricate metallic parts, 
switches and elaborate electrical circuits. 
The talk may be all of electrons and 
photons, but the operations boil down to 
opening and closing switches and in most 
eases watching the position of a spot of 
light as it moves along a scale. And the 
results of all the operations will be found 
ultimately to reside in a set of numbers 
representing coincidences between this 
spot of light (or something like it) and 
marks ruled on a scale. The words 
‘‘pointer readings’’ have already been 
made so famous by Sir Arthur Edding- 
ton that it would seem almost needless to 
re-explain them here. Yet the signifi- 
vance of the fact behind them is so over- 
whelming that it will hardly suffer from 
over-emphasis. We get so used to talk- 
ing in terms of concepts like mass, force, 
energy, pressure, to say nothing of elec- 
trons, protons and the like, that it is 
difficult for the outsider to realize that 
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the numbers we attach to the marks rey 
resenting these things are derived fro 
nothing but such coincidences. To | 
sure the way from the pointer readir 
to the symbol may be long and thorny. 
After a hard day at the laboratory e 
lecting his pointer readings the physicist 
used to go home and spend an equa! 
busy evening making marks on mar 
pieces of paper trying somehow to co 
nect reasonably simple combinations 
marks with his coincidences of the lab 
ratory. We have employed the words 
‘‘used to’’ advisedly, for alas, by tl! 
time the average modern experimentalist 
has finished a good day’s work in | 
laboratory, he is so tired out that he is 
usually willing to leave the scribblir 
process to another individual who is paid 
to spend his days (and nights) jugglin; 
with symbols and piecing them wit 
pointer readings. This is the race 
theoretical physicists, now becoming per 
haps more prominent than ever before 
in the history of science. All this is 
merely to emphasize that the job of con 
structing the physical world appears t 
call for two types of workers: (1) thos 
who follow up hunches by collecting 
pointer readings with the greatest pos 
sible attention to the intricacies of ex 
perimental technique (now a branch of 
scientific activity in itself) and (2 
those who follow much the kind 
of hunches by chasing symbols around 
on a piece of paper, hoping to see ulti 
mately the evolution of some simple con- 
nections with the pointer readings. 

For we must clearly understand that 
the physical world is not merely a col 
lection of coincidences, but an elaborat 
description in terms of a number of 
physical theories. Hence it is necessary 
to understand what a physical theory 
means. Perhaps the most striking thing 
about it is that it is expressed in terms 
of symbols. The world of physics is a 
symbolie world, a fact which can hardly 
be sufficiently emphasized. And it is 
undoubtedly this symbolic character of 


Same 
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physies which gives the science much of With 
its abstractness and so renders it diffi- about 

ult for many people to grasp. The  descri 
extent of this abstractness is well illus- ism) of 
trated in every field of physics and has can sugg 


always marked the power of its method. simple relatior 


Even in what many would be tempted to from which 


by 
call the simple and obvious case of the i.e., by the earryir 
large scale motion of a material object, well known to mathen 
for example, the physicist has introduced deduce the existence 
the abstract concepts of velocity, aeccel- bols of other relati 
eration, mass and force, ete., with appro- propriate identificati 
priate symbols. Why should he do this? performed in the lab 
Is not the fall of a body a most simple shown to be confirmed 
sort of thing? Why should one try to Herein we see indeed 
make it more complicated? Why not small compass the met 
leave it as it is—a simple interesting physicist constructs t! 
plain fact in the same category as that But such a highly 
which children learn in their history ment contains elements « 
books. The answer to these questions plete understanding and 
dates back to the time of Galileo, who able amplification wit! 
sought to describe the motions of bodies volving illustrations | 
so minutely that the assumption of afew cal theories. There 
simple relations should be competent to several points deservir 
embrace all possible motions. These few sis. These will now bk 
relations are the principles of mechanics In the first place 
and if we tried to understand motion again the symbolic nature of 
otherwise than in terms of them we of physics. It is difficult to ov 
should be foreed to make a classified list the importance of a s 
of thousands, yes, even millions of indi- mark on a piece of pap 
vidual motions each differing, in some represent a highly ice 
slight respect perhaps, from the others. which is put into corres] 
The question reduces after all pretty certain group of labor 
much to what we are willing to mean by of the type involving 
understanding a thing. If we prefer to pointer readings, throug 
try to apprehend each separate motion bers may be attached to the symbols 
as it presents itself to us in the simplest, this way we place at our disposal a set 
crudest terms we know of, that is one of quantities that can be handled 
thing. If on the other hand we prefer accordance with ' t 
to put emphasis on a few things which rules we desire 
appear to be characteristic of all motions clearly pointed out 
so far observed and agree that every than a mere shorthand 
individual motion shall be understand- single laboratory operation 
able in terms of these few idealized rela-_ trate, it is not merely as if, 
tions and to the extent to which it mani- through a process involving 
fests itself as a logical deduction of these down of the difference in t! 
relations, we are taking the attitude of mercury in two tubes, the physicist de- 


; 


the physicist, and indeed the scientist in cided to use the letter p to denote the 


general. result of every operation of this k.nd 
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and attach numerical values accordingly. 
There is a deeper significance to the 
process, viz., the strong feeling that p 
should represent something which is de- 
rivable from a combination of other sym- 
bols representing in turn more primitive 
concepts. The symbol moreover should 
not be tied to a single type of laboratory 
experiment but should have a meaning 
for and be assigned a value through a 
great many at first sight apparently 
quite different kinds of operations. In 
this way it takes on a larger meaning 
and the use of symbolism becomes an 
instrument of great power. Of course 
the freedom which the use of symbols 
confers in the manifold mathematical 
operations to which they may be sub- 
jected enormously widens the scope of 
theoretical physics. It is just as if our 
powers of description were correspond- 
ingly widened and deepened. Consider 
how barren the ordinary verbal descrip- 
tion of the phenomena witnessed in a 
vacuum tube may be compared with the 
richness and fulness of the understand- 
ing of the same phenomena through the 
symbolic method. There is indeed econ- 
omy in this procedure, as has been many 
times stressed, but it is the kind of econ- 
omy that for given effort brings to us 
many times the return that would be 
possible by the use of words alone. And 
of course the whole procedure of the 
assignment of numbers to pointer read- 
ings would be very cumbersome without 
the symbolic method. Yet we must be 
careful to point out that the use of sym- 
bolism does not limit the physicist to 
any particular variety of mathematical 
process. We usually think of the analy- 
sis involving differentials and integrals 
when we think of theoretical physics and 
for good reason as we shall see later. 
But Faraday did not use this method in 
his study of the electromagnetic field, 
and as Maxwell insisted, Faraday’s use 
of lines of force is as symbolic as the 
differential equations into which he 
translated Faraday’s ideas. One of the 


great merits of symbolism is the infinit 
variety of form which it may assum 
On the whole the physicist has bee 
rather conservative, allowing the pum 
mathematician to run far ahead of hii 
in the trial of new schemes. Recent]; 
however, there have been signs of a ney 
attitude, a willingness to introduce sym 
bols obeying operations which while a; 
parently bizarre are full of power. |} 
example while in much of classical phys 
ics most of the symbols used are thos 
to which numbers may be attached and 
which therefore obey the ordinary num 
ber postulates, there is now no hesitatio. 
in dealing with symbols representing 
definite physical concepts which do not 
satisfy these postulates, 7.e., for example, 
such that symbol A multiplied into sym 
bol B is not equal to symbol B multiplied 
into symbol A. At first sight the intr 
duction of such symbols seems needlessly 
to complicate matters and to scare away 
the uninitiate. But the only questior 
involved is one of familiarity: the stu- 
dent need only recall that A and B may 
be ‘‘operators’’ which in general do not 
obey the commutative rule. To illus 
trate, if A represents the operation of 
multiplication by x while B represents 
that of differentiation with respect to x, 
then A-B+B-A_ becomes perfect; 
understandable. 

The fact that the world of physics is 
a symbolic one leads to another very 
important conclusion not clearly under 
stood by the layman if we may base our 
judgment on semi-popular articles b) 
scientists in various fields. The symbolic 
relations which constitute the fabric of 
theoretical physics are of course all im 
plied in the initially chosen fundamental! 
relations—the principles of physics 
and the symbolic operations agreed upon 
for the construction of the theories. 
Hence it seems only right to admit that 
a physical theory is but a kind of de- 
scription of the phenomenal world in 
terms of these initial relations. Wher 
a person asks us about a certain event 
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may say either: Describe to me ex- 
utly what you observed to take place, 
r, explain to me, if you ean, exactly 
chy that happened. Now both tasks 
ire usually hard enough in _ every- 
day existence as well as in science, but 
l think most will admit that the second 
is much the more difficult of the two. 
It generally leaves us with a feeling of 
iltimate mystery to be resolved only by 
in appeal to some super-earthly power 
is a final ‘‘eause’’ for everything. The 
scientist and particularly the physicist 
may well be pardoned for viewing with 
suspicion the popular notion of explana- 
tion. His greatest successes have come 
through careful description in terms of 
a more or less abstract symbolism. This 
is after all the only ‘‘explanation’’ 
which he has to offer and it is certainly 
mly fair to make this plain so that 
people who take science seriously may 
suffer no delusion as to its methods and 
accomplishments. The explanation of 
the physical universe consists in a de- 
scription, the vaiidity or desirability of 
which is to be judged by the success 
with which a large group of phenomena 
can be described in terms of a relatively 
small number of quite abstract concepts 
and relations symbolically expressed 
with the maximum economy in the use of 
symbols. To put it more crudely physics 
is interested in ‘‘how,’’ not ‘‘why’’—at 
least not in the sense in which children 
ask their flood of questions forever pre- 
fixed by that embarrassing adverb— 
hardly ever to be satisfied except by the 
last desperate reply, ‘‘ Well, God made it 
so!’’ When the scientist discusses the 
“‘why’’ of things he really means in the 
last analysis the ‘‘how’’ and should 
leave the former to philosophers to 
handle if they wish. For science it is a 
superfluous word. To many scientists 
the above will probably appear to be a 
trivial discussion about verbiage, but a 
short conversation with the average lay- 
man will, it is believed, convince him 
that there is a real problem involved and 
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bewilderment about R 
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in general. 

If we admit the ess ( 
nature of physical theories 
arises: what is the te 1 S 
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which can be more or less readily iden- 
tified with the known experimental re- 
sults. We then say we have a theory, or, 
better, one theory. Our confidence in it 
is certainly materially strengthened if 
among the many derived relations there 
are some which correspond to physical 
facts as yet undiscovered, but which are 
later found to be as predicted. We may 
not care to go all the way with Dirac in 
his recent pronouncement that the 
‘‘whole object of theoretical physics is to 
calculate results that can be compared 
with experiment,’’ a point of view which 
deliberately enthrones prediction as the 
sole function of theoretical physics, and 
effectually ignores the role that a concise 
simple description of large groups of 
phenomena plays in its structure. In- 
deed it is possible to eriticize Dirae’s 
standpoint from the following considera- 
tion. Suppose someone propounds to me 
this problem: ‘‘I intend to put together 
certain pieces of apparatus in a certain 
way and go through certain quite defi- 
nite operations. Now I wish you to tell 
me exactly what I shall observe.’’ Let 
us imagine that you are a good guesser: 
you tell the gentleman what he will find. 
He then proceeds to find it. Does this 
make you a successful theoretical physi- 
cist? The illustration is extreme but it 
points out a difficulty nevertheless. The 
physicist will not soon get away from 
the notion that there is a physical world 
which it is his function to construct in- 
dependently of his ability to answer cer- 
tain questions about individual phe- 
nomena. However in all soberness it is 
safe to conclude that the one sure test 
of the ultimate validity of any physical 
theory is its ability to predict new physi- 
eal experience. These two elements: 
shorthand description and accurate pre- 
diction should go hand in hand as the 
fundamental criteria for the judgment 
of the theories which express the struc- 
ture of the physical world; but the more 
important is the latter. 


We have mentioned the abstractness 
physics in the sense of the+at first 
unfamiliar concepts which the physicist 
uses. It is well to emphasize at the san 
time the importance of the notion 
abstraction in the construction of 1 
physical world. The significance of t! 
idea can be appreciated from the fol] 
ing illustration. Suppose physicist 
wants physicist B to make a study 
let us say, fluid motion. Does he ther 
upon invite physicist B to betake him- 
self down to the bridge over the river 
and watch the flow of the water for 
long time, making careful note of every) 
phenomenon he witnesses? Much inte: 
esting information of a general natw 
might be secured in this way, but as 
matter of fact, it is not a procedw 
which a physicist would be inclined 
recommend. He has learned to recog 
nize the extremely great difficulty ot! 
framing a precise description of an) 
group of phenomena taken as a whol 
It is indeed the kind of difficulty that 
most people learn to appreciate sooner or 
later even without the stimulus provided 
by formal education! No, if the phys 
cist wishes to study the motion of fluids 
he adopts a quite different procedur 
he studies the behavior of a very sma 
portion of fluid under highly idealized 
conditions over a very short period o! 
time. That is to say, from the totality 
of phenomena connected with the motion 
of fluids he abstracts a certain limited 
section for special study. It is precisely 
in this way that he constructs differen- 
tial equations to describe symbolically 
the phenomena under investigation 
For it is just such equations which pro- 
vide a symbolic description of experience 
on a small scale, t.e., what is happening 
in a very small region of space over : 
very limited interval of time. The ex 
pression of the fundamental principles 
of physics in the form of differentia! 
laws is not accidental nor is it forced 
upon the physicist by any a priori neces- 


























sity; it is merely an expression of his 
deliberate belief in the power of abstrac- 
tion to lead to the most satisfactory 
structure for the physical world. 

The implications of this method are 
tor 
complete treatment in this place. Never- 
theless there are a few points we must 
note. The method of abstraction leading 
to differential laws implies that the total- 


» profound to receive anything like 


itv of any phenomenon has no effect on 
what happens at a particular place at a 
particular time, but that it is only events 
in the immediate vicinity which influ- 
ence the event in question. In other 
words the ‘‘organism’’ point of view, so 
useful in studies of vital phenomena, is 
disregarded. Moreover, the use of dif- 
ferential equations leads to laws of 
physics which do not depend explicitly 
on particular places or particular times. 
This has been used by Maxwell as the 
criterion of causality in the physical 
world. 

It should also be noted that since the 
differential equations of physics are 
partial differential equations (7.¢., in- 
volve functions of several variables 
they have a very agreeable wealth of 
solutions which need only the imposi- 
tion of boundary conditions? to give 
them the precision which the physicist 
seeks in his final answer to any problem. 

It will be remembered that the dif- 
ferential caleulus was invented for the 
purpose of deseribing the physical 
world and on the whole we must admit 
that it has served its purpose very well. 
It is only in the quantum theory that 
difficulties appear in the process of ab- 


1 We shall not attempt a discussion of causal 
ity, as such, in the present article. For its con 
nection with the matter here considered refer 
ence may be made to: H. Poincaré, ‘‘ Science 
and Hypothesis,’’ Chap. IX; Clerk-Maxwell, 
‘*Matter and Motion,’’ New York, 1920, p. 13; 
Moritz Schlick, Die Naturwissenschaften, 8, 461, 
1920; 19, 145, 1931. See also H. Margenau, 
The Monist, January, 1931. 

2See, for example, R. 
MONTHLY, 29, 465, 1929. 


B. Lindsay, Sct. 
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directly by experiment : hence they are 
by nature inevitable. This view is er- 
roneous, as a careful investigation of 
any physical law will show. Let us, for 
instance, consider for a moment the first 
law of motion, an important part of the 
foundations of mechanics. The usual 
statement is that every particle in the 
universe remains at rest or continues to 
move in a straight line with constant 
velocity except in so far as it is com- 
pelled by a foree to change that state. 
It is very interesting to observe how 
this law is treated in many elementary 
physies texts. A rather common form 
of expression is that the law is rather 
difficult to prove experimentally, but one 
observes that a hockey puck will travel 
a great distance on smooth ice before 
coming to rest and the smoother the con- 
tact between ice and puck the farther 
will the latter go on being once set in 
motion: 1.e., if the contact could ever be 
made perfectly smooth, the puck would 
continue to travel forever. The only 
trouble with this argument comes in the 
kind of curve which the puck would 
follow; presumably it is unconsciously 
supposed to be a straight line. As a 
matter of fact if the ice were perfectly 
smooth, it would be a parabola, as is 
perfectly evident from the behavior of a 
ball when thrown into the air, where 
there is no ‘‘resisting’’ surface. When 
faced with this problem the reasoner 
may naturally reply: ‘‘ But then you are 
neglecting the foree which the earth 
exerts on the object. It is this force 
which draws the particle out of the 
straight line.’’ It is a matter of some 
embarrassment to have to ask how one 
knows about this force and thus to ex- 
tract the admission that our only precise 
knowledge of the force comes from the 
observed behavior of falling bodies. By 
that time we are, I take it, almost ready 
to accept Eddington’s version of the 
first law: ‘‘Every particle remains at 
rest or moves with uniform velocity in 


a straight line except in so far as it 
doesn’t.’’ Does this mean that the first 
law is a meaningless absurdity or 

best a tautology? Hardly that. It 
means that we must view the first law 
as a postulate expressing the assumption 
that when the acceleration of a partic! 
is zero the influence of all the other 
particles of the universe on that partic! 
vanishes. By the very nature of things 
this assumption can never be tested 
directly. It does not need to be. Its 
true significance lies in the fact that 

we accept it as a basis for mechanics, 
we can build a structure closely ap 
proximating our actual experience 

the motion of bodies. This is test 
enough for the physicist. It is not 
appropriate here to enter upon 

lengthy discussion of the foundations o! 
mechanics. We have merely wished t 
point out that the laws of motion are 
not experimental laws but postulates 
How then does it stand with the other 
formulations of mechanics—Hamilton’s 
principle, least action, ete.? The an- 
swer is precisely the same. Always at 
bottom we have to do with hypotheses 
whose justification comes from their 
simplicity of form, their ability to em 
brace descriptively large groups of 
phenomena, and their ability to predict 
previously undiscovered phenomena. It 
may be thought superfluous to be reit- 
erating this view-point which is now so 
completely the stock in trade of every 
physicist. The reason why it is not 
superfluous is that there has always 
been a subtle psychological temptation 
to treat every successful hypothesis as 
an established law endowed with all the 
sanctity which the notions of inevitabil- 
ity and necessity are supposed to con- 
fer. The temptation is strong but 
dangerous. The physical hypothesis of 
one century may be quite incapable of 
subsuming the physical experience of 
the next as is well illustrated by the 
history of physics. Some one has said 























that the story of the development of 
physical thought is like a plain strewn 
with the defunct 
theories many of which were based on 


bones of physica! 


which seemed reasonable 
enough in their day. Think of the 
ealorie theory of heat, the action-at-a- 


hypotheses 


distanee theories of electrodynamics, the 


all plausi- 
We 


logical 


elastic solid theory of light, 
ble but now fallen by the wayside. 
that from the 
view the hypotheses back of 


must remember 
point of 
such theories are postulates of the same 
character as the seemingly most firmly 
established principles of physics like the 
conservation of energy and the second 
law of thermodynamics. The moral is 
plain: we must treat all such principles 
for what they are worth and no more 
and we must most particularly beware 
of philosophical arguments based on 
their supposed inevitability. <A 
scientific literature is 
ficient clear that there is still 
some confusion over this matter. It is 
very that the 
tendency among some biologists to shun 


review 
of general suf- 
to make 
possible, for example, 
a physical basis for biology is founded 
the most 
physical 


misunderstanding of 
attitude 


on a 
reasonable toward 
laws, 
Passing now to our fourth point of 
emphasis, it is absolutely essential for 
the successful construction of the physi- 
eal world that the fundamental concepts 
In particu- 
nean- 


shall be precisely defined. 
lar every definition must have a 
ing in that it tells us how to carry out 
some definite operation or set of opera- 
tions by which we can ultimately assign 
a number to a symbol. Judged by this 
standard, what shall we say, for exam- 
ple, of a definition of mass, one of the 
fundamental physical 


science, as the 


quantities of 
‘famount of matter in a 
? This is still to be found in 
some elementary texts designed suppos- 
edly to provide the student with a 
thorough grounding in physics. It is 


body” 
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pernicious, for it has no 1 ing unless 
‘‘matter’’ has been p1 S defined 
and a precise group of operations 
nected with the word ‘‘amount.’’ t is 
hard to imagine anything 2 

lated to confuse t] s 

than this mélange of rds. Suppos 
one were to be preset 1 lump 
of metal and asked to assign a nui 

cal measure to its mass. Is there any 
thing in the defi n < a wW 
would show how to do this Now the 
is at least one very clear and precise 
method of defining mass in mechanics 


To be sure it demands a bit of simple 


analysis with a few hypot 
henee needs more words than the above 
but it is use 


We need 


not go into details at this place but may 


pseudo-definition ; 
cause it tells us something 
merely remark that what we have said 


about mass applies equally well to the 


important concepts of force, energy, 
entropy, ete., all too apt to be loosely 
used, particularly in philosophical dis 


cussions of physical problems 

It is perhaps a bit unfair toward the 
can never 
Maxwell 
Spencer’s appear- 
A of the 
Advancement of 


philosophers but a physicist 
recall without a chuckle what 
wrote about Herbert 
before Section 


ance British 


Association for the 
Science at the memorable meeting in 
Belfast in 1874. There is a note of 


deep significance in the exquisite fool- 


ery which makes its quotation very 
appropriate even to-day: 

Mr. Spencer n t ‘ rse of his remarks 
regretted that so many members of the § ! 


were in the habit of employing the word Force 


in a sense too limited and definite to be of 

use in a complete tl rv of «¢ ) I H had 
himself always been eful t sey that 
largeness of meaning which was too often t 
sight of in elemeniary works This was best 
done by using the word sometimes In one sens¢ 
and sometimes in anotl nd in this he 
trusted that he had made tl word. oc Iipy a 
sufficiently large field of thought The o7 
tions of differentiation and integration which 
appeared, from the language of previous spea 
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ers, to be already in some degree familiar to 
members of the Section, were, he observed, 


essential steps in the normal progress of evolu- 


tion. It gave him great pleasure to learn that 
members of Section A were now turning their 
attention to these processes... . 


Modern literature, scientific, philo- 
sophical, sociological and economic, 
hardly knows a more overworked word 
than ‘‘foree.’’ One rarely picks up a 
newspaper without seeing a reference to 
some kind of ‘‘foree’’ doing something 
or other. There is nothing intrinsically 
objectionable about this; it is presum- 
ably a matter for literary experts to 
work on. Nevertheless from the stand- 
point of the physicist it is absolutely 
essential that the term force shall be 
precisely defined and once having been 
defined shall keep its definition through- 
out all physical discussions and, what is 
more important, in all philosophical dis- 
cussions based on physical assumptions. 
Only in this way will the laity be saved 
from the utter confusion attending the 
talk about ‘‘cosmic’’ forces in the same 
breath as the force on an electron in a 
vacuum tube. 

What has just been said about force 
might be said with almost equal justifi- 
cation about the term energy. The util- 
ity of this concept like that of foree and 
mass is in direct proportion to the pre- 
ciseness of the meaning attached to the 
symbol which is given its name. The 
student who in his first acquaintance 
with physies is led to think of energy 
in a vague wishy-washy way as some- 
thing which can be ‘‘stored’’ in a tank 
and drawn off through a tap is bound 
to meet with great bewilderment in his 
later study, particularly in questions 
connected with the physics of atomic 


structure. 
The attitude of the present article 


could be illustrated further, but proba 
bly the preceding considerations wi 
suffice to bring out the significance 
what has been called the broad point 
view in physics. Much that has bee 
said is by no means new to physicists 
but undoubtedly warrants greater en 
phasis than some of them care to conced 
to it. If it accomplishes nothing else 
should certainly suggest to the read 
the need for the never-ending scrutin: 
of the fundamental concepts employed 
in the construction of the physical world 
That this is becoming more and more a 
problem of vital interest may be seen in 
the numerous recent discussions 
causality and uncertainty particular] 
with reference to quantum mechanics 
It would seem that some of this discus 
sion is marked by a dogmatism and air 
of assurance that ill accords with th 
fundamental purpose of physics. How 
ever the limits of this article do not 
allow a complete consideration of this 
important question (see footnote 1). 

In examining the foundations of phys- 
ies the physicist is coming to grips with 
problems which are of constantly in- 
creasing importance for science as a 
whole, since the method of physices—th« 
method of symbolism—seems to be our 
surest means for the description of all 
nature. If this statement is dubious and 
there are apparently some who think it 
is decidedly so, we may be sure of this 
much at least: the only way to settle th 
matter is to appeal to discussions of 
fundamental questions such as have just 
been suggested. Certainly physicists are 
only too glad to join with their col- 
leagues in all fields of science and with 
the philosophers in further intensive 
search for the answer to that elusive 
problem of the ages: how do we know 
anything anyway? 














PRELIMINARY EXPERIMENTS ON EXTREME 
VOLTAGE FOR THE BREAKDOWN 
- OF THE ATOM 


= By Dr. A. GOET 


A NUMBER of most remarkable experi- 
ments to produce artificially the condi- 
tions of Rutherford’s famous investiga- 
tions concerning the breakdown of the 





atom by means of the g-rays of radium 
have been performed during the last 
few Drs. A. 
Brasch and F. Lange, of the University 
of Berlin. 

If it would be possible to produce 
eanal rays in sufficiently large electric 


years in Germany by 


fields, such as to come close to the en- 
‘ ergy of an g-particle emitted by radium, 
Rutherford’s experiments could be re- 
peated on a much larger seale. A sim 
ple caleulation shows that canal rays of 
1 milliamp intensity at sufficient voltage 
would produce the effect of several hun- 
dred pounds of radium. Several other 
advantages would arise besides the in- 
creased intensity of the effects: any such 
production of large fields should enable 
one to surpass the limited energies of 
the disintegrating radium and 
furthermore the experiments would not 


atom, 


necessarily be restricted to the use of 
helium, as is the case in the radioactive 
experiments. 

The success of experiments of such 
kind is bound up in two conditions, the 
production of extremely high voltages 
and the construction of a discharge tube 
which withstands such potentials. For 
both the scientists 


problems German 


found a most ingenious solution. 

The production of potentials of sev- 
eral million volts is well known to be ex- 
ceedingly difficult and very costly, due 
to the fact that very soon the problem 
of satisfactory insulation of large, in- 
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ereased energies meets diffic tes 1 
yet surmounted. The ses in pl 
ing voltages of more than two n 
volts are almost prohibitive, and thus 
the task of producing 2 to 8 times larger 
potentials, necessary for the experi 
in question, seems to be hopeless 

Here Drs. Brasch and Lange tr 
two new ways successfully. The st 
was to repeat the classical experiment 
Benjamin Franklin, making use « 
potential differences in the atmospher 
during thunderstorms 

The region where thunderstorms 
most frequent in Europe, situated in 
Alpine region at the bord between 
Switzerland and Italy, was selected 
The Monte Generoso at the Lug: 
Lake was chosen for the experiments 
since it is accessible and the configura 
tion of its peak contracts the distances 
between equipotential planes of the at 
mosphere sufficiently to produce very 
large potential gradients. Here several 
different arrangements were tried of 
which the most successful one is 


sketched in Fig. ] 
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At the upper end of a steep slope of 
the mountain the tower A was erected, 
which carried two connections with the 
cable d, the cable being suspended at 
two distant points not shown in the 
figure. The upper connection A-E-d 
consisted of the conducting part (b) 
and the non-conducting part (a), 
whereas for the lower part the insulat- 
ing half (a) and the conducting one (b) 
were arranged in reverse order. The 
distance between A and the suspension 
point at d was between 500 and 600 
feet. The altitude at which these were 
suspended was 4,500 feet above sea-level. 
Since A had the potential of the ground 
and d the potential of the atmosphere, 
the region between E and H worked like 
a spark gap of a condenser, and by 
varying the distance H—E (by lifting or 
lowering (a) by means of the pulley 
(c)) it was possible to measure the 
voltage which sparked across E-H. It 
was found that the arrangement worked 
not only by the immediate presence of 
a thunderstorm, but also due to induced 
charges by distant atmospheric dis- 
turbances. The distance of 54 feet was 
crossed easily by a discharge, which 
would represent a static potential of 
eight million volts. Considering, how- 
ever, the short time over which a dis- 
charge lasted, the authors came to the 
conclusion that the potential must prob- 
ably have amounted to between 14 and 
16 million volts. 

This proves that the atmosphere is 
able to produce potentials which are 
more than sufficient for the performance 
of the intended experiments as well as 
to prove that it is possible to collect 
these energies by rather simple methods, 
and many times less expensively than 
any artificial production by power 
plants. 

The other problem—the construction 
of a discharge tube for such voltages— 
was solved in a similarly simple and 
unusual way. Here the principal idea is 


the following one: Experience in t! 
construction of x-ray tubes for mor 
than 300,000 volts has shown that 
conduction of the charge at thes 
voltages does not depend any more on 
the vacuum, but rather on the conditi 
of the walls. Hence it is necessary 1 
increase the size of such tubes to enor 
mous dimensions, to create enough sur 
face resistance so the tube may wit! 
stand such voltages. It goes without 
saying that the size of tubes for on); 
several million volts would already lb 
prohibitive. It was found, furthermor 
that the gliding or conduction proces 
along walls does not start immediate] 
especially if certain conditions ar 
maintained. If it is therefore possibl: 
to have the potential act on the tube for 
a time so short that the wall charges ar: 
not yet set in motion a much smaller 
tube will work satisfactorily. Hence 
is necessary to construct the wall of th: 
tube in such a way as to make the m 
tion of the charges very difficult. Suc 
a construction was found by building a 
tube out of a large number of ring 


+) 


shaped lamellae, as shown in Fig. 2 
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Here the rings (a) consist of thin alu- 
minum, (b) represent dises of a paper 
with very good insulating qualities, and 














VOLTAGE FOR THE BREAKDOWN OF THE ATOM 127 
e) are rubber gaskets. The whole the discharge in a most ingeni 
structure was held together by pressure Since the usual hot filament 
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and formed a tube of less than three could not be used on aceount 

feet in length, of which the internal sur- presence of organic mat o 
face, however, had a length of 36 feet. process of the charges ; sul 
The aluminum dises, producing an equal was utilized by introducing a sufi 
subdivision of the electric field, pre- amount of surface not subdivided, i 
vented the generation of fatal potential form of a bundle of porcelain cay 
gradients along the walls. The tube was laries. In a similar way, the ions 


evacuated by a powerful mereury vapor’ the production of canal rays were i 
pump and a liquid air trap shown duced into the tube by a stream of rai 
schematically in Fig. 2. fied water vapor, which after havi 


By means of a surge-generator, which arrived at the anti-cathode was imm 
produced potentials up to 2.4 million ately condensed by liquid air 


volts lasting between one millionth to The x-rays produced with the tube ; 
one ten-thousandth of a_ second, the potentials of 2.4 million volts pr ved 1 
authors were able to reproduce the con- be equivalent to the g-rays of radiw 


ditions of atmospheric lightning on a_ penetrating lead 8 mm before losing ha 
small seale, fulfilling at the same time their intensity. 

the condition under which such a dis- The canal rays of hydrogen produ 
charge tube can work. The above tube at 900,000 volts penetrated aluminun 
was found to withstand two surges per a depth of 8 microns 

second of 2.4 million volts and approxi- After the suecess of this small tub 
mately 1,000 amperes, producing thus, the construction of a generator pro 
in spite of the exceedingly short time of ing 7 million volts and of a tube to 
discharge, an x-ray intensity 10 to 100 with it was started. 

times larger than the normal x-ray tubes It seems thus that with these results 
running continuously at low potentials. experimental physics reaches a mark 
The energy displayed in this tube dur- edly new step in its development, sine 
ing the time of discharge is many times the work of Drs. Brasch and Lang: 
larger than that of the total amount of shows that there are no longer any 
radium which the earth contains, ac- fundamental technical difficulties cor 
cording to present estimates. The elec- nected with the disintegration of atoms 
trons necessary for the production of ona much larger scale than Rutherford 
X-rays were introduced in the path of worked in his pioneering experiments 





OUTSTANDING PROBLEMS OF THE OCEAN- 
OGRAPHY OF THE PACIFIC’ 


By Dr. THOMAS WAYLAND VAUGHAN 


DIRECTOR OF THE SCRIPPS INSTITUTION OF OCEANOGRAPHY OF THE UNIVERSITY OF CALIFORNIA 


INTRODUCTION 

SrincE the physical and chemical prop- 
erties of sea water and its circulation in 
the ocean basins determine the condi- 
tions of all the processes that take place 
in the sea, they are the features which 
demand first attention in considering 
the problems of the ocean. Therefore, 
this address will be devoted primarily to 
them. 

Some elements in the marine environ- 
ment are temperature and salinity of 
the water, the quantity of the gases and 
of the substances needed as plant food 
dissolved in the water, the relative alka- 
linity and acidity of the water (or OH- 
and H* concentration), and the depth of 
penetration of light. Instability is char- 
acteristic of the ocean—there is move- 
ment apparently throughout the entire 
mass of the ocean water. The direction 
of the movement may be horizontal, up- 
ward, downward, or at any angle be- 
tween the horizontal and vertical, in- 
cluding spirals. The maintenance of ap- 
proximately uniform conditions within 
any oceanic realm is due not so much to 
the prevalence of a state of equilibrium 
as to continuous change, that is, the cir- 
culation of the water. Therefore, in eval- 
uating the problems of oceanography, 
first rank must be accorded those that 
are concerned with oceanic circulation. 

It is obvious that in a brief lecture, 
such as this one necessarily is, it is not 
possible to review the gradual develop- 
ment of such knowledge as we possess of 
oceanic circulation. Summaries of mod- 

1 First paper in a symposium, ‘‘ Major Prob- 
lems of Modern Oceanographic Research,’’ at 
the meeting of the American Association for 
the Advancement of Science, at Pasadena, Cali- 
fornia, June 17, 1931. 
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ern methods of hydrodynamical investi 
gations of the sea have been recent); 
published by V. W. Ekman, A. Defant 
E. H. Smith and G. F. McEwen. Dw 
ing the past six or seven years there has 
been great stimulation of research o1 
the problems of oceanic circulatior 

Much of the credit for this stimulatior 
belongs to Alfred Merz, who contem 
plated an expedition to the Pacific and 
organized the Meteor expedition to t! 

South Atlantic. Merz died in Rio Ja 
neiro in August, 1925, but his plans for 
work have been carried out by the other 
members of the staff of the Institut fiir 
Meereskunde of the University of Ber- 
lin. Georg Wiist has published two lon 
gitudinal sections of the Atlantic Ocean 
and two for the Pacific, one for th 
Western and the other for the Central! 
Pacific, and Lotte Méller has published 
sections of the Indian Ocean. Besides 
the compilations mentioned and the at- 
tempts of Wist and Moller to interpret 
the results, there has been much other 
oceanographic activity, especially in the 
Pacific. 

The work of the Japanese, the Inter- 
national Fisheries Commission in Alas- 
kan waters and the Scripps Institution 
will be mentioned and later will be given 
its appropriate setting. Johannes 
Schmidt on the voyage of the Dana 
around the world has made important 
contributions. The greatest réle during 
recent years in adding to knowledge of 
circulation in the Pacific was played by 
the Carnegie, which to the regret of all 
the world was destroyed in Apia Har- 
bor in November, 1929, when its com- 
manding officer, Captain J. P. Ault, lost 
his life. The results of other important 
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peditions are not yet available for use. The movements of tft atmosp] 


They are those of the Russians in above the ocean surface exert 
Okhotsk Sea and the northern part of influences on th: 
e Sea of Japan, the Netherlands Ex- waters of the ocear Rad t s 
dition in the East Indies, and Sir ergy and the deflect 
Douglas Mawson’s Expedition in the tation of the earth on its axis 
Antaretie Indian Ocean. the causes of atmosp! rie e1re 
For this lecture an attempt has been a manner similar to their p: 
made to utilize all recent publications, circulation in the waters in 


it necessarily they can not all be men- but, since the density 5 
med specifically. than that of water. it is mor ! 
; and, therefore, it may flow over the sw 
OCEANIC CIRCULATION Sane al the water end thes dros 2 
It is desirable to begin this summary water alone with it. The atmospher 
oceanic circulation by noting a few ajco exerts two other important inf 
principles that are generally known but anees on water surfaces: one is b 
































need to be borne in mind during the fol- of evaporation; the other because « 
wing discussion. cipitation. If evaporation exceeds pre 
The cireulation of the waters in the cipitation the salinitv and. therefore. t] 
Pans is due to causes which are fun- densitv of the sea water is inerease d. hut 
damentally similar to those that produce jr precipitation exceeds evaporation 
circulation in the atmosphere. The coo water is diluted and its densitv is 
main driving force is derived from en- opeaced Differences in salit 
ergy radiated from the sun, but this en- perature cause differences in the der 
rgy does not impinge in equal amounts of ceqg water. Unequal distribution 
on equal areas over the surface of the gencity eauses unequal pressures and 
irth. Because of difference in angles poco produce movements of 
of incidence of the sun’s rays, there is jyaccec 
greater heating in the tropical and sub- Dynamical oceanogravhers have de 
tropical regions than there is in Jati- veloped methods. which ‘ not be sum 
tudes nearer the poles. Because of the jarized here. for computing the relative 


inclination of the axis of the earth tothe motions of water masses from their den 
plane of the ecliptic, outside the tropics cities and the effect of the rotation of the 
there is st asonal variation in the amount garth on its axis 
of heat received in each hemisphere, and, Before beginning a survey of the e 


consequently, there is summer, when ylation in the different ocean basins 


more heat is received, and winter, when come features needed for understanding 
lace ¥< [°c rT QAI’ > . ° . . 
less heat is received. this circulation will be examined more 


An important factor in directing the  ¢jgcely 
circulation of the waters of the ocean is , 


the rotation of the earth on its axis. EFFECT OF SOLAR RADIATION AND THI 
This, as is generally known, causes ROTATION OF THE EARTH ON THI 
bodies set in motion to deviate to the CIRCULATION OF THE ATMOS 
right of the direction of motion in the PHERE AND THE SURFACE CIR 
northern hemisphere, and to the left of CULATION OF THE OCEAN 

it in the southern hemisphere. Another If the earth were stationary and the 
factor that affects the movements of the sun revolved around it, there would be 


waters in the ocean basins is that of the heating of the atmosphere and the 


bounding continents and variation in re- waters of the ocean in tropical and sub 
lief of the ocean floor. tropical regions and expansion of both 
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air and water. Both air and water, 
where heated, would move upward and 
flow toward the poles, in the region of 
which both would be cooled, and there 
they would sink and return to the tropi- 
cal and subtropical regions as lower cool 
currents. The scheme, however, is by no 
means so simple, for the earth rotates on 
its axis and this causes a deflection of 
the movements of both air and water in 
accordance with the principles which 
have already been stated. 

The combined effects of the differences 
in the amounts of solar energy that im- 
pinge upon the surface of the earth, the 
rotation of the earth upon its axis and 
the existence of the continental areas are 
to produce in the atmosphere over the 
oceans five more or less permanent areas 
of high barometric pressure. Two of 
these are over the Atlantic Ocean and 
are respectively known as the North and 
South Atlantic ‘‘permanent highs.’’ 
Two are over the Pacific Ocean, where 
they are known by names corresponding 
to those for similar areas over the At- 
lantie, and one is over the Indian Ocean. 
These highs are approximately in lati- 
tudes 30° to 35° on each side of the 
equator in the Atlantic and Pacific 
Oceans, and south of the equator in the 
Indian Ocean. Between the northern 
highs and the equatorial region in the 
Northern hemisphere we have the north- 
east trade-winds. Between the southern 
highs and the equatorial region in the 
Atlantie and Pacific Ocean we have the 
southeast trade-winds. The Indian 
Ocean differs from the Atlantic and the 
Pacifie in that it is subject to monsoon 
winds which are partly controlled by the 
relative pressure in northern Asia. The 
monsoon winds, however, mostly affect 
the surface circulation in the Indian 
Ocean and appear to have relatively 
little influence on the deep-water circu- 
lation. 

On the north side of the two high 
areas in the North Pacifie and the North 
Atlantie and on the south side of the 





high areas in the South Pacific, S 
Atlantic and Indian Ocean are th: 
gions of the west wind drifts. Th: 
wind drifts of both the northern 
southern hemispheres are marked 
their polar sides by lines or areas kn: 


‘ 


as the ‘‘ polar fronts.’ 

The surface oceanic circulation r 
closely conforms to the general sc 
of atmospheric circulation that has 
outlined. We have in both the N 
Atlantie and the North Pacifie in 
eal regions a movement of the sur 
waters toward the western sides ol 
ocean basins. In the Atlantie the w 
moves along the eastern side of 
islands off the North American cont 
nent and off the continent itself tov 
the northwest, north and northeast, : 
recurves in the region of the west wv 
drift across the Atlantic. On the easter 
side of the Atlantic there is deflecti 
toward the south and southeast, and 
timately a vortex is completed, wit! 
which is the Sargasso Sea. There 
similar vortex in the South Atlantic. | 
the North Pacific we have the Jay 
eurrent which, as is generally know 
flows northward and northeastward 
the east Asiatic coast, eastward acer 
the Pacific south of the Aleut 
Islands, and then is deflected toward t 
south and southwest. 

Westward flowing equatorial curr: 
are well developed in the Atlant 
Ocean, where they lie mostly north 
but near the equator. There is 
strongly developed equatorial count 
current in the Atlantic. However, 
Guinea stream, which is very near 
equator, flows from west to east. In t! 
Pacific the equatorial currents 
strongly developed and there is a p1 


nounced equatorial counter curren! 


which lies slightly to the north of 
equator. 

As a result of the direction of 
winds, which act upon the circulation « 


+ 


the waters, we have on the west sides o! 


continents, along a more or less merid 
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il line, upwelling of cold waters. Be- 
ve this lecture is finished it will be 
shown that the scheme of oceanic cireu- 
ition which has been outlined is of fun- 
damental importance in controlling the 
listribution of marine organisms. 
The Indian Ocean will, as regards 
surface circulation, be treated only 
asually. As has already been stated 
surface circulation is influenced by 
monsoon winds. The equatorial 
unter current during the period of the 


ortheast monsoons lies between latitude 


)° south and the equator. During the 


i 
southwest monsoons it is obscured The 
south equatorial stream in the Indian 
Ocean is distinct throughout the year, 
but it is more pronounced during the pe- 
riod of the southwest monsoons. There 
is a north equatorial stream, really a 
westward monsoon drift, during the 
northeast monsoon (northern winter and 
southern summer); but during the 
southwest monsoon the direction of the 
surface drift is reversed and there is no 
north equatorial stream. 


CONFIGURATION OF THE OCEAN 
BASINS 

Although no attempt will be made to 
deseribe the different ocean basins in de- 
tail, a few of their more salient features 
need to be mentioned. 

The Atlantic Basin. The S-shaped 
Middle Atlantic Rise extends almost 
the entire length of the Atlantic Ocean 
and divides it into two troughs. That 
part of the ridge north of the equator is 
known as the North Atlantic Rise, and 
that south of the equator is known as the 
South Atlantic Rise. Free communi- 
cation between the northern end of the 
Atlantic Ocean and the Arctic Ocean is 
obstructed by the Iceland Swell, which 
extends from the northern end of Seot- 
land to Iceland and is continuous to 
Greenland, and by the relatively shallow 
water on the west side of Greenland. 
Conditions on the two sides of the Iece- 
land Swell are very different as the sec- 
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of the floor of the Pacific Basin differs in 
several important respects from that of 
all the other ocean basins. There are in 
it no continuous, more or less meridi- 
onal, elevations such as the Middle At- 
lantic Rise, and there are no great 
transverse ridges such as Walfish Ridge 
and the Rio Grande Swell. At its north- 
ern end the Pacific is more or less cut off 
from the Arctic Ocean by the shallow 
water in Bering Strait and the Aleutian 
Islands, but some water appears to enter 
the North Pacific from the southwest 
section of Bering Sea. On the west side 
of the Pacific there is a succession of 
island ares behind which are partially 
enclosed seas. One of these seas, the 
Okhotsk Sea, appears to be a source 
whence a part of the cold water in the 
North Pacifie is derived. The southern 
end of the Pacific is widely flaring and 
is in communication with the waters on 
the north side of Antarctica and with 
the waters of the Indian Ocean south of 
New Zealand and Australia. On the 
east side of its southern end communieca- 
tion with the South Atlantie is ob- 
structed by the island are of the Ant- 
arctic Archipelago, which has already 
been mentioned. Although there are 
within the Pacific Basin numerous 
ridges, such as the Hawaiian Ridge, 
there are none that extend entirely 
across the ocean basin and divide it into 
north and south sections, such as is the 
case in the Atlantie basin. The bottom 
conformation of the Pacifie is such as to 
allow a more extensive meridional move- 
ment of bottom waters and also a more 
unobstructed movement between East 
and West than in the Atlantie. 

The Indian Ocean Basin. The Indian 
Ocean differs from both the Atlantic and 
Pacifie Oceans in that its northern mar- 
gin extends a relatively short distance 
north of the equator, and in that it is 
entirely cut off from any immediate 
source of water from the Arctic region. 
On the south the Indian Ocean is in 
fairly open communication with Ant- 
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arctic waters, except that there is 
rather large area of less than 2,0) 
fathoms deep above which rise K 
guelen, Prince Edward and _ ot! 
islands. Toward the East the Indi 
Ocean is in free communication with t 
southwest corner of the Pacific, 
toward the West it is in free commwm 
cation with the Southeast Atlantic. 
means of the Cape Basin and the So 
Polar Basin. 


THe Deep SEA CIRCULATION 

A schematic section of conditions 
the ocean within the tropical, subtr 
ical and temperate regions will first | 
presented. According to A. Defant, t! 
waters of the ocean in those regions n 
be divided into a troposphere and 
stratosphere. The troposphere includes 
a surface zone of agitation of somew! 
less than 100 meters in thickness, 
which there is only slight reduction 
temperature from the surface dow 
ward. Between the bottom of this la) 
and a depth of about 1,300 meters the 
is rapid decrease in temperature (t! 
‘*Sprungschicht’’ of the Germans a1 
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DIAGRAMMATIC SCHEME OF CIRCULATION A SYMMETRICALLY CONS » 
AFTER WUS 
the ‘‘Thermocline’’ of writers in En- tom water from the poles toward 
elish until the temperature ranges equator. According to Wust, in order 
from 2° to 4 Below the Troposphere that the circulation may be compe 


is the stratosphere in which the tempera- 
ture decreases very gradually and shows 
relatively little variation. In both high 
and low latituces stratospheric water 
comes to the surface. 

Wiist has suggested the following gen- 
eral scheme of circulation in an entirely 
symmetrical ocean: In the region of the 
equatorial counter current there is up- 
welling, and warm water moves on the 
surface away from the equator toward 
the north and south. In latitudes about 
30° north and south there is sinking. 
On each side of each area of sinking 
there is a circulatory system, in one of 
which the water moves southward or 
northward, as the case may be, toward 
the equator, and in the other the water 
moves northward or southward, as the 
case may be, toward the polar front. 
Corresponding to the two polar fronts 
there is sinking of colder water of lower 
salinity which then moves from both the 
north and the south toward the equator 
as an intermediate current. In the re- 


gion of the poles, polar water, because of 
its lower temperature and somewhat 
higher salinity, sinks and moves as bot- 


— there must be above the bottor 
vater and below the intermediate eur 
rent, a deep current that moves from thx 
equator toward the poles 
This general scheme 
proposed by Wiist has been attacked by 
Castens. The eriticism of Castens may 
be well founded, but nevertheless Wiist 
offers a working hypothesis which can be 
tested by the application of the dynam 
cal methods developed by Bjerknes and 
other investigators of fundamental! 
principles of dy namical oes anograp! \ 
Using Wiist’s scheme of oceanic circula 
tion a brief 
made between the circulations in the dif 


comparison may now be 


ferent ocean basins. 

The Atlantic Basin. It has already 
been stated that the Iceland Swell and 
the shallow bottom west of Greenland 
almost completely isolate the main body 
of the Atlantic water from Arctic water 
on the aneth. There is no such obstru 
tion between the South Atlantic water 
and the Antarctic region. Therefore, 
there is a sinking of surface water from 
the Antarctic in the region of about 50 


south latitude. This water pushes itself 
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northward as a current of intermediate 


depth and relatively low salinity, 
34.00°/oo to 34.70°/oo, nearly as far 
as 20° north latitude. Near the Ant- 


arctic Continent cold bottom water of a 
salinity between 34.65°/oo and 34.70°/oo 
sinks in the west basin and pushes 
itself northward in the West At- 
lantie Trough nearly to the equator, but 
in the East Atlantic Trough the north- 
ward extent of this water is cut off by 
Walfish Ridge. 

The deeper and bottom water in the 
North Atlantic is derived from several 
sources. One of these is the sinking of 
dense, warm water in the region of the 
northern subtropics. There is also sink- 
ing of water along the north polar front. 
Some Arctic water finds its way into the 
North Atlantic as cold bottom water, es- 
pecially in the region of Davis Strait. 
One of the peculiarities of the North At- 
lantic Ocean is that there is a surface 
flow of less dense water into the Mediter- 
ranean through the Strait of Gibraltar, 
while there is along the bottom an out- 
ward flow, velocity over five knots per 
hour, of warm, dense water. The bot- 
tom water and the overlying deep water 
of the North Atlantic are therefore of 
composite origin. The combination of 
the various influences above mentioned 
causes the deep water in the North At- 
lantie to be of higher salinity and higher 
temperature than would otherwise be 
the ease. This water pushes itself south- 
ward where, in general, it lies above the 
Antarctic water where the two come into 
contact, and below the intermediate 
water derived from the region of the 
south polar front. Its southward extent 
in the East Atlantic Trough is inter- 
rupted by Walfish Ridge. In the West 
Atlantic, where the northward extent of 
the Antarctic bottom water is not ob- 
structed, a bottom temperature of 2° at 
a depth of 5,500 meters reaches to about 
18° north latitude, whereas in the East 
Atlantic Trough, because of Walfish 
Ridge, water of a temperature of 2° does 
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not reach farther north than the sout 
side of Walfish Ridge, about 33° sout 
latitude at a depth of about 3,6 
For the reasons above stat: 
the deep and bottom water in the Nort 
Atlantic Ocean is derived from the nort! 
very largely by the downward sinking 
and subsurface intrusion of dense, r 
tively warm water. 

The Indian Ocean. 
Lotte Mdller there 
Ocean, between latitudes 5 
four different kinds of 
described from the surface downwar 
are as follows: (1) 
ical surface layer with a salinity abov 
35.00°/oo and a _ temperature abo 
11° C. This water comes from the sul 
tropical zones of maximum salinity 
both sides of the Equator. It is unde: 
lain by (2) water of Antarctic origi: 
which has a salinity of betwee 
34.00°/oo and 34.70°/oo and a temp: 
ature between 8° C. and 2.5° C. 
Under number 2 there is deep wate: 
which comes from the North Indian Su! 
tropics and has a salinity of more tha 
34.75°/oo and is of higher temperatur: 
(4) The bottom water which comes fro: 
the Antarctic and has a salinity betwe: 
34.50°/oo and 34.69°/oo with a te 
perature between zero and 1.5° C. 

The semi-annual changes in the wind 
and the distribution of air pressure, b 
eause of their influence on surface gr 
dients, produce changes in the directio: 
of the deep currents, especially in t! 
northwest Indian Ocean, but in the op: 
ocean such changes are small. 

sefore leaving the account of t! 
Indian Ocean, the effects of warm wate! 
of high salinity discharged from the Red 
Sea and the Gulf of Arabia should be 
mentioned. This water exerts an appr 
ciable influence on the character of th 
water in the Indian Ocean. 

The question of the exchange of wat: 


meters. 


According 
the Ind 
and 40° § 
water wh 


are in 


There is a subtro; 


between the Indian and other oceans 
will now be considered. Lotte Moller 
has made suggestions regarding this 




















I 


TK 


mat 


500 


Wiist. According to Mdller, in its upper Below 400 meters the pressure gradients 
meters the Indian Ocean is filled along 40° S. latitude are directed from 
with water of especially low density. the Atlantic eastward toward the Indian 


The surface level therefore stands higher Ocean and westward towards the Pacific, 
and accordingly there are gradient cur- so that the West Atlantic represents 
rents which are directed around the region of divergence, the West Pacifie a 
southern end of Africa into the Atlantic region of convergence, of deep currents 
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ter and they have been repeated by and south of Australia into the Pacifi 
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Along 55° S. latitude the pressure 
eradient is likewise directed from the 
Atlantic to the Indian Ocean. <Aceord- 


ingly, it can be postulated that within 
the Antaretie region, in so far as it be- 
longs to the Indian Ocean, the Antarctic 


intermediate current flows toward the 
northeast, the deep current derived 
from the northwest toward the south- 
east, and, therefore, the water masses 


of the deep layers to a depth of 3.000 
an interoceanie circula- 
tion. 3.000 the 


masses in all of the oceans possess little 


exhibit 
Below 


meters 
meters water 
difference in density, so that the distri- 
bution of the bottom water is dependent 
upon the configuration of the bottom. 
The Pacific Basin. A brief summary 
of the principal conclusions of Wiist re- 


carding the water circulation in the 
Pacific Basin is as follows: 

In the west the boundaries of the 
troposphere are strongly marked and are 


<340 


Gh: 
“\ 


Meters 
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pushed poleward as far as 55° § 
ture and 40° N. latitude, but in tl 
the troposphere is less developed 

there it is meridionally very restrict 
Since it extent, | 
meridionally and vertically, in the 

especially in the southwest, the Pa 


has its greatest 


troposphere in its relations to the ¢ 
tor is quite asymmetrical. Corres} 

ing to this structure, the warm w: 
circulation of both hemispheres is as’ 
In a meridional directior 
consists of a superficial spreading out 


metrical. 


equatorial warm water masses of 
salinity towards the poles as far as t 
subtropics and of an oppositely direct 
forward pressing of cooler, more hig 
saline water in the subtropical lov 
eurrent. In the North Pacifie this « 
culation is confined to a layer of w 
about 300 meters thick between latitu 
10° N. and 20° to 25° N. 
this restriction, it shows extensivé 
<344 
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In eontrast 
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velopment in the western part of the 
South Pacific, where the highly saline 
subtropical lower current can be fol 
lowed in depths of about 200 meters 
through 35 degrees of latitude. The 
place of reversal of this asymmetrical 
warm water circulation lies in the West 
Pacific in 7° N. latitude, in the Central 
Pacifie about 15° N. latitude. 

Regarding the cold water circulation 
the conclusions are that the water masses 
of the equatorial zone in the boundary 
regions of both intermediate streams, 
especially in the central part of the 
ocean, possess a tendency to sink and 
that here the source of the highly saline 
deep water should be sought. In the 
Atlantic the place of reversal for the 
stratospheric circulation is between 30 
and 40° N. latitude, and with reference 
to it the ecireulation is quite asymmet- 
rical. In the Pacific, in strong contrast, 
the stratospheric circulation possesses a 
nearly symmetrical structure. Two in- 
termediate streams of nearly the same 
thickness conduct subpolar water from 
both sides to the equatorial zone, where 
it appears that the horizontal motion is 
transformed into a downward vertical 
motion. The place of reversal of this 
cold water circulation lies in the Pacific 
between 3° and 5° N. latitude. 

On the other members of the strato- 
spheric circulation, deep currents and 
bottom currents, there is only secant in- 
formation. On the basis of compensa- 
tion it seems necessary to assume that 
to the intermediate currents directed 
toward the equator there correspond 
highly saline deep currents directed 
toward each pole, that is, toward the 
south in the southern hemisphere and 
toward the north in the northern hemis- 
phere. Indications of this are found in 
the disturbed temperature distribution 
in the section along the central part of 
the Pacific in depths between 1,500 and 
2,500 meters. 

Wiist suggests other possibilities for 
the formation of these highly saline 


water masses. He ills 
| ee | salir ( . 
of the Fiji Basi a 
2,000 meters at P! 
» t is 34 ret ‘T ~ x SS 
Salinity might be xp i ft ~ 
tween 1.000 and 2 O00 } S ‘ 
of density to whi ( 
rents should correspo | 
basins east of Austra ( 
to the formation of hig S 
but what their ef | 
judged only after the ; . 
observational data Wiis : 
tention to the suggest M 
with regard to the Ind Ov 
depths between 2.000 OOO 
water of a salinity ! ert 34.70 
in the west even as | s 34.80 
and that we must ther rer ’) 
a zonally directed deep curr 
earries highly saline water f1 
dian to the Pacifie Ox 

Before considering e results « 
recent work of tl] C ! 
those who have been connected 
preparation of the scientif reports 
them, two aspects ol Wiist’s inter} 
tation of the sources of the stratosp 
water in the Pacific should b ! 
sized. One of these is the si! 
that he attached to the revers 
two intermediate streams whic} 
subpolar water to the equatorial 
and to his inferences that the horizo1 
motion between latitude 3° and 5° N 
transformed into downward vert 
motion. The other is that he has « 
sidered the suggestion of Lotte M6 
regarding the Indian Ocean as a poss 
souree of the des p water in tl P; 
Ocean 

H. U. Sverdrup has recently pub 
an article entitled ‘‘The omgin o 
deep water of the Pacific Ocean as 11 
cated by the ocear ograp! ic work « 
Carneqgie.’’ This article deals altoget 


with the stratospheric water 


tion for the Central 


Paecifi 


4 
1i¢ 


» is based 
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OCEANIC CIRCULATION AROUND ANTARCTICA. BATHYMETRIC CHART (2,000- AND 4,000-MET 
ISOBATHS) OF ANTARCTIC OCEAN, BASED ON MAP OF AMERICAN GEOGRAPHIC SOCIETY. LEGEN 


FOR FLOWS: OPEN ARROWS, ANTARCTIC WATER; 
ATLANTIC AND INDIAN OCEANS; 


the data obtained by the Carnegie. The 
great uniformity of the deep water of 
the Pacific, salinity between 34.50°/o00 
and 34.60°/oo, and a temperature be- 
tween about 1° and 3° C., is most im- 
pressive. Sverdurp shows that this uni- 
form water can not originate by the 
sinking of surface water between lati- 
tudes 3° and 5° N., nor ean it be formed 
in the southern part of the Antarctic 
and thence flow as a bottom current 
toward the north and return toward the 
south at depths of about 3,000 meters, 
because the temperatures are too high. 
Sverdrup says that ‘‘it seems more prob- 
able to assume that the deep water which 
fills the Pacific is formed north of the 
Antarctic continent in the Atlantic, and 
especially in the Indian Antarctic Ocean 
by the mixing of deep water coming from 
the north and true Antarctic water com- 
ing from the south, and that this water 


THIN SOLID 


WARM WATER FROM 
AFTER SVERDRUP. 


HEAVY SOLID ARROWS, 


ARROWS, MIXED WATER, 


enters the Pacific south of Australia an 


New Zealand.’’ This is the virtu 
adoption of the suggestion by Lott 


Moller, which was repeated by Wiist 
but who inclined to the interpretatio: 
that has been invalidated by the wor 
of the Carnegie. 

Sverdrup discusses the effect of tl 
Antaretie Archipelago on the movement 
of Antarctic water into the South Pacific 
The water movements around the perip! 
ery of the Antarctic Continent wou! 
tend to be from the east toward t! 
west, but the deflecting effect of t! 
earth’s rotation must be taken into ac 
eount. Sverdrup correctly remarks that 

the extension of the Antarctic Archipelag 
towards the north prevents this water fr 
continuing into the Pacific when flowing wes' 
and the bulk of the water must, therefore, ent 
the Atlantic Ocean. The restricted commu! 
cation between the Pacific and the Atlant 
seems thus to account for the fact that 
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returning deep current carrying warm water 
toward the south is most cor 

this (the Atlantic 
ted toward 


turning current must also be deflecte: 


gh salinity 
uous in 
left, which in this case means to the eas 
th current from the Atlanti 
ist therefore enter the Indian 
nted out by L. M@dller. In the Indian 
Atlantic Oceans we thus find a 


iter of low salinity towards the northwest and 


e returning 


flow of e 
flow of warm water of 
the southeast. 

fferent types of 


high salinity toward 
Considerable mixing of thes 
water must take place ind 
rease of the salinity of the cold water fr 
east to 


the warm 


west and the decrease of the salinity 
water in the 


ay be regarded as the resul 


opposite direction 
ts of such mixing 
The mixing processes appear to be 
nounced in the eastern part of the Indian Ant 
iretic Ocean where at depths below 2,000 meters 


most pri 


a great basin is filled with water of temperature 
and salinity between 

This 
as the deep water 


between 1 and 3 


and 34.8 per mille. water is 


+.6°/00 
nearly of the same type 
the Pacific. The uniform characi 
seems to be more pronounced south of Australia 


er of the water 


where the temperature-observations indicate con 
ditions which are very similar to those in the 
Pacific but the salinity-values are unfortunat: 
king from this section. 
All the available data , 
direction that wacer of the same type as the 
formed in the 


strongly in 


point g 


deep water of the Pacific is 
eastern part of the Indian Antarctic Ocean, 


and that the origin of the deep water of the 
Pacific has to be sought there. This des p-water 
probably enters the Pacific through the opening 
south of New Zealand, but the 


very slow and the deep water circulation of 


inflow must b 
Pacific correspondingly slow. 


Mention should here be made of a 
very recent publication by M. Uda in 
which he shows that off the east 
of northern Honshu and Hokkaido cold 
water of the Oyashiwo sinks beneath the 
warm water of the Kuroshiwo. These 
observations bear upon the problems of 
the source of a part of the intermediate 
water in the Northwest Pacifie and of 
the larger quantities of dissolved oxygen 
in the Northwest than in the Northeast 
Pacifie. 

After having briefly outlined the gen- 
eral scheme of circulation for the differ- 
ent ocean basins in accordance with the 
most recent interpretations, the effect of 


coast 


OF THE PACIFI 


Ocean). This 


Ocean, as 


LOIS @12 lation on T i S } " 
orga sls W S 
OxYGEN IN THE SEA 
Although the study of 1 vert 
horizontal distribution of oxvgen 
ditferent oceans has ri ed 


tor a number of years it is o1 
that 1t has become possible 1 ons 


7 + 


tne subje In a compre nsive way | 


work OL the Mi feor in the Atlar I 


in connection with the ¢ rnéegveé ar 


Scripps Institution in ¢ ! t 
of K. Ito in Japan, and t 
Schmidt on the Dana, at | 
significant Recently Moberg Ss 


marized the information for the Paeit 
and compared conditions with thos 
the Atlantic Subsequent to M 
publication, K. Ito ha 
count of the results that he obtaine 
the southwest part of the North P: 
and nave a 
peared in print. According to Moberg 
four layers of water can be recognized 
Eastern Pacifie: (1 


which the oxygen content is 


the results of the Dana ] 


in the 
surface in 
high, (2) an immediately lower zone 
which photosynthesis is active an 


is the maximum quantity of oxygen, 


a zone in which the oxgyen content d 
creases to a minimum, (4) a deep layer 
in which the amount of oxygen slow 
increases with depth but is always less 
than that in the surface layer 

The amount of oxygen in the surfa 
waters along the coast of southern C 
fornia is a function of the temperaturs 
as Moberg has show The water S 
virtually saturated, but the quantit 


+ +r 


varies with the temperature 
] 


’ 
according 


to the well-known laws of the solubility 
of gases in liquids. 

The general oxygen relations between 
San Francisco and Honolulu have been 
zed by Moberg. The minimum 


value in the minimum layer is 0.2 


summarl 


At one station. Clarneqgie station 


latitude 12 N 
oxygen 


liter 
approximately 
longitude 138° W., the 


amount of 
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was virtually nil and this condition pre- 
vailed from a depth of 100 to 400 
meters. 

Moberg has compared conditions in 
the Pacific with those in the Aflantic. 
There is in the Atlantic a minimum layer 
somewhat similar to the minimum layer 
in the Pacific, but the amount of oxygen 
is greater in the Atlantic than in the 
Pacific. Below the minimum layer the 
amount of oxygen in the Atlantic is de- 
cidedly greater than in the Pacific. This 
difference between the oxygen distribu- 
tion in the Atlantic and the Pacific is 
significant for a number of reasons, one 
of which is the bearing that it has on 
the source of the deep water and the 
bottom water in the Pacific, and another 
is because of the influence that it may 
exert on the vertical distribution of 
organisms. 

According to K. Ito, there is in the 
Western Pacific no such oxygen defi- 
ciency as is found in the Central and 





Eastern Pacific.’ Explanations for 
condition are at hand, but they will n 
be given here. The results of the Da 
are in accord with the conditions alr: 
indicated. 

Because of the oxygen deficiency oy 
so great an extent of the Pacific, Mob 
concludes that the deep water of 
Pacific has lacked contact with the 
mosphere during a longer period 
has the deep water of the Atlantic, ar 
he is of the opinion that most of the d 
water of the Pacific enters that ocean | 
way of the southern Indian Ocean. F 
thermore, he expresses the opinion t] 
because the water in the South Pacit 
below 2,000 meters contains an app: 


ciably greater quantity of oxygen t] 
that at corresponding latitudes of 
North Pacific a northward flow is ind 
cated. In the North Pacific, howe, 
since the oxygen content below 2,00 
meters is virtually constant from t! 
equator to latitude 37° N., it appear 
improbable that appreciable quantities 
of water flow northward across t! 
equator in the region for which obsery 
tions are available. 


DISSOLVED NUTRIENT SALTS 

Moberg has made a special study 
the variations in the amounts of nutrient 
salts dissolved in the sea water of tl 
Pacific, especially in the region of sout! 
ern California, and has published o1 
paper which is of particular significance 
in this connection. It is entitled ‘*‘Th 
interrelation between diatoms, their 
chemical environment, and upwelling 
water in the sea off the coast of southern 
California.’’ In this paper he shows that 
between depths of 30 and 50 meters there 
is, according to counts by W. E. Allen, 
maximum abundance of diatoms, and 
above those depths there is decrease in 
the quantities of PO,, NO,, and CO,, and 
increase in pH, intensity of light, and 
temperature. The SiO, decreases in 
quantity toward the surface, but it is 
peculiar in that there is no significant 











OCEANOGRAPHY OF THE PACIFI 


DIATOMS .« 1000 PER LITER 








DENSITY IN SITU 
e) 06 «620 30 40 SO}| 780 790 800 B10 820/335 339 | 1024 026 
N, BO, & S10, » wow ove ' co Aan Om ecw Oe LIGHT OX 20% 40x 60x BOx 
0 OF O2 O03 O04 O05! 60 70 80 90 100/TEMPIO' 12° 14° 16" 18° 2 
r?) — T - ." 7 , > = 
a \ SeTicnt |, 
iS — = a an a 
i eo a ‘3 ' } / x 
E re om 1 id. x | a 4, + ral 4 
30 } DIATOMS ae AN at \ ’ : . 
an ~ } 7 \, ! \ 
“” Ya \ \ 4 \ 
> Ai \ rT 
wi) j |r Ps \ i / 
br A \a , \\/ \ 
ul ‘ | — \ | 
> PO), NO H Sd, CO} Sa\|/T DENSITY 
75 | a % 4 . : fat . : j 
z \ 
= ' 
i : ‘ } 
(Oo e—-t- "7 j b i} 
WwW | ' | \ j \ } 
ra Pe | \ 
| ' | \ | \ 
125 | = | 7 _ + { | h \ + \ ii 
| ea : | \ 
ee ;\ | 
| 4 
' il \ i 
1SO - NI J 
Ned: Oo orr La Jo A { oO rr 
AF we 
change in the trend of its amount above’ marized in this k re, b 
50 meters. The lower limit of the maxi- pointed out that eas rd m Jay 
mum abundance of diatoms coincides longitude about 1 W., a b 
closely with Richardson’s measurements latitudes 40° and 10° N $ 
of the depth of penetration of light in surface waters o P 
the region, which is that, at a depth of deficieney in PO 
50 meters, 98 per cent. of the light of 10 mg or less per ecu r 
the wave lengths to which the photo- places there is less t ) mg per ¢ 
electric eell used by him was sensitive. meter | he | revest nts oO pl 
had already been aborbed. The deple- phate are found n tude 40 
tion of P< Pas NO.. and CO may be at- off the west eoast | 1 St 
tributed to the activity of pelagic plants and off the no r? t < 
The section shows that below a depth of coast of South Amer vestwa 
about 50 meters there is an abundant from there as far as it longitud 
supply of nutrient salts needed by 180 Moberg corrs s t rface d 
plants. A continuous supply of such _ tribution of phosp! th the cir 
substances is maintained by upwelling, tion of the ocean waters 
which has been the subject of detailed 
investigations by G. F. McEwen. This SurFace TEMP! 
work of McEwen’s serves as a logical The first comprehensive s s 
foundation for the later work of Moberg ‘ace ten peratures of ean al 
on the distribution of nutrient salts in to have been made by Sir John Mur 
the sea water of the region. In one of his papers, e1 d **On t 
Moberg, Seiwell, Graham and Paul Distribution of the P F'oramir 
have published a paper entitled ‘‘Phos- at tl Surface nd { I r or t 
phate-content of the Surface-water in Ocean,’’ published in 1597, he reiter 
the Pacific as Related to the Cireula- conclusions pr : r a 
tion.’’ This paper can not be sum- says 
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The surface of the sea 
five great zones, viz.: ] 


may be grouped into 
A nearly continuous 
equatorial zone, where the temperature is high 
and the range throughout the 
exceed 10° F. This zone includes all the prin 
cipal coral (2 and 3 


temperature is 


year does not 
reef regions. 
the 
does not exceed 10° F. 


Two polar 
and the 
In these 


zones, where low 


annual range 


zones there are relatively few lime-secreting 
organisms. (4 and 5) Two regions lying be 


tween the equatorial zone and the two polar 


zones, where a wide range of temperature occurs 


between the different seasons (annual range 
amounting to as much as 52° F. in some places). 


In these te mperate regions the secretion of car- 
bonate of lime appears to be much more active 
in the the 
thus appears that the most favorable conditions 


warmer than in colder months. It 


for lime-secreting organisms are met with in 
the warm, equable tropical waters of the ocean, 
and here as a matter of fact we find the greatest 
development of corals, and the largest number 
pelagic organisms. In the 
polar areas and in the cold water of the deep 


of lime secreting 


sea, there is, as is well-known, a feeble develop- 


ment of all carbonate of lime structures in 


marine organisms, 


It should be pointed out that because 
of the surface circulation of the ocean off 
the east sides of the continents warm 
water is carried many degrees north- 
ward, that until the water comes 
within the influence of the west wind 
drifts. This means that, except imme- 
diately along the shores where there may 
be southwardly directed cool currents, 
conditions are favorable for the growth 
of organisms that need rather high tem- 
perature. In the North Atlantic it is 
well known that the gulf stream drift 
continues to the vicinity of the British 
Isles and that some of its water extends 
farther toward the north. This warm 
water tempers the climate of all of 
northwestern Europe. In the Pacific 
Ocean the warm waters carried by the 
Japan current or drift extend eastward 
to the Alaskan region and then south- 
ward until they are off the northwest 
coast of the United States. This warm 
water which comes from the west side 
of the Pacific tempers the climate of the 
western side of the North American con- 
tinent from Alaska southward as far as 
Oregon and California. 


is, 
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The effect of the winds along the w 
coast of Africa and along the west e 
of North and South America in 
temperate and subtropical latitudes 
already been indicated. 
because they blow either along shore 
from the land toward the water, produ 
surface movements of water at 45° tot 
right of the wind in the northern hen 
phere and 45° to its left in the southe: 
hemisphere. To 
water which has been pushed away fr 


These win 


compensate for ft 
the shore there must be an upwelling 
cold water, and, as we have already s 
the distribut 
dissolved in s 


from the discussion of 
of chemical substances 
water, this cold 
substances that are needed for the nut 
tion of marine plants. 
Because of warm water 
of the reef 
through many degrees of latitude; | 
on the east sides of the oceans, becaus 


water earries wit! 


on the wi 


sides oceans, eorals thr 


of upwelling cold water, they are scar 
or absent. 


SUBSURFACE DRIFT OF THE WATER IN 
THE GULF OF ALASKA 

In connection with his study of t 
distribution of halibut eggs, W. F 
Thompson, the director of scientific r 
search for the International Fisheries 
Commission, needed to know the possi 
bility of the subsurface drift of halibut 
eggs which are bathypelagic, that is, th: 
float in the water below the level of th 
surface. In order to find out what th: 
possibilities might be Thompson sought 
the assistance of McEwen. Thompson 
acquired the necessary information 01 
the temperature and salinity of th 
water in the Gulf of Alaska at appropr 
ate depths along several section lines 
From the information thus obtained Me 
Ewen was able to calculate the relativ: 
movements of the water, and he foun 
that there was a rather slow but rather 
steady subsurface drift toward the nort! 
west and west. This gave to Thompso 
the information that he needed to under 
stand the drift of the halibut eggs. 
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DEPTH OF PENETRATION OF Li 
INTO SEA WATER 


This subject has been studied by nu 


rous investigators, among whom may 


) mentioned Helland-Hansen, Poole ar d 


4 
? 


Atkins, Shelford and Gail, and Bi 


Richardson. The results obtained by 


Helland-Hansen by means of a photon 
r will be summarized. The depth « 


penetration of light is influenced by lati 


le. Aceording to Helland-Hansen 


here would be the same intensity for 


rectilinear rays, as follows 


y ) 
N. latitud ib g tare 
- >» 
l N. latitude at ab s | 
In 67° N. latitude at al 
| re Its of exper e % ‘ 
S < he Michael S S ws 
. ers. red 1 _ ‘ 
afr cest, 
meters blue na r dis ; 
} 
meters Itra é 


) meters, no trace of 


Burt Richardson has summarized and 
tabulated the results of other investiga- 

rs, as well as making additional mea 
surements, himself, of the depth of pene 
tration of light. The following is an ab 
stract of a paper by Richardson entitled 
‘*The Photoelectric Measurements of the 
Penetration in Sea Water of Light 
Wave-Lengths 2,900 to 4.800 Angstrém 
Units) ’’ 

Shelford and Gail in Puget Sound, Washing 


n, and Poole and Atkins in the English Char 








nel off Plymouth, England, determined quant 
tatively the penetration of ght for various 
depths in sea water by the photoelectric 
method using electrical circuits with high sens 
tivity. Application of their data and con 
sions to an entirely different r, such as the 
Pacific Ocean near San Dik » Calfornia, wt | 
not be justified. Therefore, d g the s é 
f 1930, an area seven n S the coast « 


a 


studied by submerging a |! 


Jo 


la (City of San Di 


4 
] 


sodium-vacuum cell to various depth levels in 
the 


¢ 
of 


ocean, 


The results indicate that about 21 per cent 


the light (of wave lengths 2900 to 4800 


Angstrom units, to which the photoelectric cell 


is sensitive) is absorbed bv the first + centimeter 


of water, that about 50 per cent. is absorbed 


by the first meter, 55 per 


A 
£ 


4 
| 
| 


. F 
| 
4 
=| 
ta 
aa a 
\ | 
A 
Ric rds 
results 
S ¢ } S 
K | 


l] 


Ti 
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PENETRATION OF LIGHT INTO SEA WATER. PUGET oe 
SOUND, WASHINGTON. (SHELFORD 
AND GAIL. ) rex 
Cell used, Kunz Potassium-hydrogen; sensitive 
to wave lengths, $200 to 5,000 Angstroms. wy 


Intensity Per Per Abs Ty 
Depth in foot cent. cent. tion coeffi- 
candles light wet cient 
Surface dry 8,650 100 
Surface wet 6,550 76 100 
00234 
5 1.990 23 31 
.00174 
10 830 10 13 
.0006 
25 3) t 3) 
.00049 
5 204 2 3 
00031 
50 129 ] 2 
PENETRATION OF LIGHT INTO SEA WaTER. OFF 
LA JOLLA, CALIFORNIA, AUGUST, 1930. 
(Burt RICHARDSON.) 
(Cell used, Burt Sodium-vacuum; sensitive to 
wave-lengths, 2,900 to 4,800 Angstroms. ) 
Per cent. Absorption 


Corrected Per cent. transmitted ~ 


coefficient 


depths transmitted from 4cm “a 
water 
Surface dry 100 
Surface wet 
$+cem 77 100 
.0023 
5 em 24 31.9 
0015 
10 11.5 14.9 
.0010 
15 7.1 8.2 
00096 
<0 0.2 6.8 
.00042 
25 4.2 5.5 
0005 
30 3.3 43 
.0005 
5) 2.6 3.4 
.0003 
+0) 2.2 2.9 
0004 
45 1.8 2.4 
.0003 
50 1.6 2.1 


It is Richardson’s intention, with the 
assistance of the Southern California 














DEPTH OF PENETRATION OF LIGHT, WAV! 
2,900-4,800 ANGSTROMS, orr La JOLLA, 


AFTER RICHARDSON. 


FORNIA. 


Telephone Company, to select a series 
photoelectric cells which will be sensit 
to other wave-lengths of light than t 
already studied by him. Although 
study is not yet complete, important 
by 


is 


obtained 
investigators 


formation has been 
of 
depth of penetration of certain wa 
lengths of light, and they are of valu 
gauging depths to which the phot 
synthetic activity of plants is effectiv: 


} 


From available present knowledg 


i. 


series as regar I 


is obvious that photosynthesis is « 

fined to relatively shallow depths, px 

ably to 50 to 60 fathoms, 90 1] 
meters, in the tropics, and to shallow 
depths in latitudes the pol 
Professor Stanley Gardiner places 1 
maximum depth of 
fathoms. 


+ 


LO 


nearer 


nullipores 


CONCLUSIONS 

For the cireulation of the water in 
Pacific we have, as a result of the wo1 
of many organizations and more nume! 
ous individuals, a working hypothesis 
This hypothesis should be tested in al 
its many ramifications and it should | 
dealt with according to the findings. Su 
Douglas Mawson’s expedition t] 
Antaretie Indian will 
throw more light on the interrelation o! 
the water in the Indian Ocean with that 
of the Atlantie on one hand and that oi 
the Pacifie on the other. For the Pacific 


+} 


in 


Ocean certainly 
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vet a vessel, and, if it does, it intends to dinated with resu 
conduct consecutive work in the area Perhaps others m 
bounded by a line from San Francise fill the gaps for 
to the Hawalian Islands, thence sout! Antaretica and 
ward to the Society Islands, and thene Pacifie south of th 
eastward to the South American coast har 

Althoug! the investigations indicated gy, ting 

would not in themselves give a complet resur Mag 
picture of conditions in the Pacifie, they " ns 

would make invaluable contributions Pe AT) the aE 


toward completing that pieture, espe 


elallv after the results have been coo! 
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hills in England and stonv ‘‘boes”’ in 


Ireland to believe in that theory whet 


(Chicago was a collection of Indian huts 
and Broadway, New York, a rough cart 
track to a farm, but the application ot 


steam to sl l} sand railways enable d mati 
kind to extend easly over an lnmenst 


area of land more fertile than mueh ot 
What Was occupled before Al dl as Io) 


situation, not only did the improven 


In transport, coupled with the violations 


of natural geography involved in. the 
cutting of the great ship canals, brn 
the ‘“‘more distant’? lands nearer the 
‘market,’’ it also eventually brought 
‘the market’’ to the ‘‘more distant’ 
lands 

sO We no lonver think of the first 
eradle of the human race or the first 


cradles of the human races if there ar 


*t 


more than one) as the most fertile and 


well-situated spot (or spots) from whiel 
men have gradually been foreed out 
wards. You all probably know the opin 
ion of the British Army in Mesopotamia 
eant who was told 


expressed by the ser: 
by an officer that he was now on the 
very site of the Garden of Eden: ** Well 
Sir, all 1 can say is that if this was the 


Garden of Eden it’s no wonder the 


twelve apostles mutinied.”’ Thotgh the 


sergeant was evidently not a well-read 
man, the change of view had reached 
even him 

Later in the hundred years, scientific 
discovery in various directions has led 
to a complete change of emphasis in r¢ 
gard to the importance of what the old 
economists used to eall ** Improvements : 
The old economists thought of hedges 
and ditehes, drains, and a few other 
trifles of that kind which would enable 
corn to be more easily produced from 
European fields, and just a little of bet 
ter breeding of cattle and sl eep These 
were things which might, they believed, 
interrupt for a time, now and then, the 
ceneral downward drift of the returns to 
agricultural industry, but could not do 
that 


more than Modern science has 
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( il ead OUT OU On Wi s ! 
To Thre OSSIDI Ties Of mipre ’ 
I 
7 +? ? i " 
ex per tO make 1? Holes 


heaithy, and to modi vetad 
as animal products so that the 
ter serve our needs. Primit ! 
presumably fought and ed 
the now extinet can ! 
mankind fights and W IX TI 
mds the smaller insects I 
hitherto prevented much use be 
of some of the most fertil re 

orld It was not ! PCOnE 
OnIV a Tew Vears ago in t i. 
( il? oT TI NNO Tio 0 t 
ery soon the world would be s 
rom a short ive ot wil t 

Thus. even ve still expect 

T1oO! to Inerease ve rapla 

not believe. as J s \] aid 
“everywhere treads close on tl] 
ivricultural improvement, and « 
effects as last as They rt 7 | 
But 1h rac T ( otter Mo SO) Ss (! 
only a generation ago, that all 
well if only we could Stop tor 
vears “‘the devastating torrent 
bies’’ now seems grotesque. for w 


now expect rapid increas 
to continue much longer 
comes progressively easi 
sistence 

The approach of redue 
of growth of population 


itself in England in the 


the 1871 s{) decade. whe 


number of births becamy 


ary atter the rapid Ine 


e Oo! pe ! 


eve? 


r to obta 


; 
lO} 1! 
he val 


second 





rease reco) 


adown to 1876 But the publ ¢ takes 


notice of the supply oO! pe 
by the births. Just in tl 


in which illiterate farme 


nesslike old ladies look at their ba 


at the bank. so the publ 


CeCUSUSES The CeCLSUS oft 18s] shows: 


increase of ] 136 per cent 


which was higher than that 


any of the censuses excep 


‘Principles,’’ Bk. IV, el 


ople rurn 


‘ wood 


rs and 


i¢ looks 
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' | ? ? 
id Nn ed 
~ l Thre aeene ! 1) 
i to ha col TO 
oo? the .7 ~ 
i In SUCECeSS 1S ~ 
~ =f *T it) | ~Sf) 
¢ in Ipswich in 1895 
. sequently publ shed ! / 
Journa ! 1) mb 
" wl Ta) | ePSTII Teal Thre ? } 1) 
1 
persons who would be iving 


SUS up TO that oO} 195] Oo? t} 


ntion that migratior morta 
bsolute number of births (not 
remained stationa ; round 
these hypotheses the pop t 
vland and Wales wou ad stop 
during the present enti 
ould have only a trifling increas 
194] The paper suggested that this 
Ss, at any rate, not Improbabl 
Hostile erities derided what 
’ ' wai ~ 


( 
i 


lled my ‘‘propheey,”’ an 
me events were unfavorable to 
Emigration fell off enormously 
ty decreased, and the births in reased 
slightly, so that the census of 1901 
showed an increase of 12.17 per cent. i 


Three 


e decade, the absolute increase of 
nd a half millions being the largest re 
orded. But the situation was not fun 


a mentally altered, since the increase of 
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on which they are based, that the din 


nution of births was perme eounterbal 


anced bv the decline of infant mortality 


It is true of course that diminution of 
infant mortality mitigates the effect of 
decline of natality but the degree in 


which it can do so obviously decreases 
as the rate otf intant mortality falls 
When that rate is 500 per thousand, as it 
probably was here in the reign of Queen 


Anne, and may be still in great parts o 


Africa, a cutting down of births by 25 
per eent can be counteracted eon 
pletely by a drop of one tl 
fantile mortality rate But when th 
infant mortality rate is down to 100 per 
thousand, it would have to fall to not] 
ing at all in order to counteract a de 
cline of only 10 per cent. in the number 
of births. In fact, the rate has fallen in 
England and Wales from about 140 to 
about 70 in the fifty vears from 1881 
and this drop to one half only balances 
about one fifth of the decline in the num 
ber of births 

Though there were eminent disse) 
tients only a few vears ago, statisticians 
are now agreed that in the absence of 
some great and unexpected change, thi 
increase of population in England. and 
Wales will come to an end at a vers 
early date Even the lay publie has been 
to some extent eni ohtened and rather 
shocked by the recent census announee 
ments that the population ot Seotland 
has actually decreased in the ten years, 
and that of England and Wales has in 
creased only 2,061,000, as against 3, 
943,000 in the ten vears from 1901-11, 
though the emigrants have been 324.000 
less 

The same change is observable in some 
degree in other Western European eoun 
tries and our own oversea. offshoots 
The eause of it—birth control—will 
doubtless in time affeet the rest of the 
world. SO that wl ile we as expect econ 
siderable inerease—even an inerease 
much more rapid than at present owing 


to decrease of huge infant mortality 


to take place among the mor bh 
there 1s no reason What ) 4 
nie the population ol thre wo? 
tread close on the heels of subsist 
n the future, even if it may be 
reourded as having done so in the 

his change 1? our expectatl 
volves Inany changes of en phas 
In the theory ot production and 
of distribution 

Two of them are pertectly 


most Of his contemporaries ana 
diate predecessors reit so strong 
insisting on the due restriction « 


tion, has completely disappeared 
Western eountries Keonomists cit 
now require to talk as if the first d 


men and women was to ref? 


propagating their race Second 
need for insisting on the desirab 
saving has become less pressil 


rapidly increasing population req 

rapidly increasing number of too 

chines, ships, houses and 0 

of material equipment in ord 

to maintain, without Improving Ts 


nomic condition. wl ile at The san 


the maintenance of a larger propo 
of children renders it more diffie 
make the required additions. To 

tionary population saving will st 
desirable for the Improvement OF ¢ 
tions, but it need no longer be insist 
as necessary for the mere 1 


of the existing standard 


But there are other changes of 


Importance which are mor 
overlooked ne 1s In regard t 
weight which we attach to the d 
kinds of production. In the midd 


the eighteenth century ** onbsiste 
and what we should consider a 


coarse and inadequate subsistence, ] 


ablv seriously deficient in vitamins 


peared so much the most important 
nomie good that the French Econon 
insisted on ealling all labor whuiel 


not get something out of the soil s/f 
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barren; and our own Adam S 
His ¢ mimo? st Sf wl i? 
yr TI manutacturing ¢ SS ‘ 
‘s of ‘‘ productive’’ laborers, insiste 
xceluding domestic servants phi S . 
ns, guardians of law and order, and 
other workers who did not make vy 
iterial objects, or who were not e}! 
ved for profit (he never was quite 
which eriterion he meant to stand 
The great Christiar philosopher , ” 
ales belheved that nothing more that 
althy subsistence’”’ was required for ‘ 
rfect happiness Even Malthus and = mor 
s immediate disciples, when they i aie 
sted on the desirabi ity of the working ; . 
iss having a high standard of comfort 
seem to have done so more because this tur 
id prevent the ‘‘misery’” of sem v] 
starvation for adults and absolute star- mos 
tion for intants than because there is , 
direct advantage in being comfortable , 
Rieardo said ‘*‘the friends of humanit tr) 
innot but wish that in all countries the effoet 
bovine clanses should have a taste for Th 
mforts and enjoyments,’’ not appar that tl , ' 
ently beeause coniforts and enjoyments re suppos 
ire good in themselves. but becauss o * = 
‘there cannot he a hetter seecurit 
vainst a superabundant population { | 
the population being supe rabundant } , af » 
his opinion, when it is subjeet to famin ; 
All this emphasis on tood 1s now out 
ot date We no long ° look forward t; . eo} 
a future in which an increasing popul ctriac 
tion wil be foreed by the operation ol shonld 
the law of diminishing returns to devot ' : 
a larger and ever larger proportion ol 
its whole labor force to the production ric oy 
O1 food We know tl at even in the past ted 9 . 
vith a rapidly increasing populat Ol } ’ 
the returns to agricultural industry hav ; 
increased so much that eivilized mankind re SUS 
has been able to feed itself better and , 
better, while giving a smaller and ever 1? t. 
smaller proportion of its whole labor ner 
force to the production of bare subsis nd he 
tence; and we can reasonably expect wei] } 
that the inerease in the productiveness P : > 
of agricultural industry will be at least os ‘ 





THE 


lov 


pig-iron and 


fact of the 


producing things like 
Moreover, the 


disappearance ot rapid increase of popu 


bricks mere 


} 


lation tends to increase the proportion ol 


demand which can be satisfied from 


scrap without fresh primary production 
So, given a stationary population with 
rapidly increasing knowledge applied to 
production, we may expect the already 
observable tendency towards a less pro 
labor force being 


portion of the whole 


employed in the *‘ heavy industries’” and 
a larger in the lighter industries to be 
come more pronounced. Perhaps we see 
drift of in 
dustrial North to 


the South of England which appears to 


this even now in the slight 


population from the 


be taking place. 

Another change of emphasis, of little 
importance on the Continent, where the 
West-Ricardian 
took real root, but of great Importance 


, 


theory of rent never 
in England and other English-speaking 


areas, IS in respect of the landowners’ 
share of the community’s income. The 
disappearing bugbear of diminishing 
returns carries away with it the vampire 
rural landlord, who was supposed to 
prosper exceedingly when diminution of 
You 
all know the famous passage in which 4J 
S. Mill described the landlords as they 


appeared to him and the school which he, 


returns made food searce and dear. 


a little belatedly, represented : 


The ordinary progress of a society which in 
ereases in wealth is at all times tending to aug 
ment the incomes of landlords; to give them 


both a greater amount and a greate 
tion of 
pendently of any trouble or outlay 


They 


their sleep, without working, 


propor 
the wealth of the community, inde 
incurred by 
themselves. grow richer, as it were, in 
risking, or econo 


mizing 


Perhaps the disciple went a little be- 
vond his master, Ricardo, in asserting so 
roundly that in a prosperous society the 
landlords must tend to get a larger and 
ever larger proportion of the whole in- 
come, but there can be no doubt that this 


Bk. V, ch. ii, § 5. 


die Principles, 7? 
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was the impression which the Ricardi; 
school conveyed to the public, and wl 

formed the foundation for He) 
land 


land-value tax 


George's scheme ot nationaliza 
and the 
tion. If the 
that the 


able absolutely 


agitation tor 
school] 
land 

in the 


larger absolute amount of eco 


had only meant 


teach became more va 


sense of hy 


worth a 
modities rather than a larger 
of all the 
stituting the 


proport 
Services CO 


commodities and 
COMMUNITY *s incom the 
could not have supposed land so pec 


lar. sinee it would share this characte 


+ 


istic with many other thines wit! an) 


thing which was more limited in supp 


than the generality 
To grasp the completeness Ol 


change of view which has taken plac 
the last 


that 


hundred must not 


Mill and the whole school whic! 


years, we 


represented were thinking not of the 

lucky landlords who have inherited lan 
which has been selected by nature or ac 
cident as the site of a city, but of the on 
dinary rural agricultural landlords 
that the 


taxers of to-day quite cheerfully propos 


far have we moved land-va 


to exempt all ‘‘purely agricultura 


value’’ from the imposition which 
advocate. 
owners oOo} S11C 


Envy of the happy 


urban land as rises in value more tha 
enough to recoup what they and the 

predecessors in title paid in road mak 
ing, sewering and other expenses of ** de 
velopment’”’ plus loss, if any, in waiting 
for income, still plays a part in conte) 

porary politics, but the economist for 
sees that there will be at any rate less of 
such rise of value when the adult popu 
lation ceases to increase and the demand 
for additional houses and gardens const 
quently disappears. He realizes that i 
any such rise continues, it will be due to 
the people being not only able, as the) 
doubtless will be, to oceupy a larger area 
with their houses and gardens, but also 
desirous of doing so. He will think this 


quite possible, but will not be confident 
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oO The diseredit OF The economists Vi 


should have taught t] 


While there are 1 
subject worth muel 
any considerable are 


me, past history Is s 
I ; 


issure us that increas) 


n fact, made the ; 
property grow faster 
the obvious cause of 
] 


than 


ful thines constituting 


vrown faster than population, 


property have 


much faster that what decline of the rat 


fc 


of interest has taken 


plac 


sufficient to eounteract 


t 


has not been 


] 


the tendency 


and = s 


The most primitive people had searcely 


any tools, and their 


buildings, if any, 


could be erected in a few hours. Owner 


ship certainly did not then give a claim 


to about one third of 


the 


whole income 


as statistics suggest that it does in mod 


ern western countries 
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any Put them stocking, or the 


thatch, or 
they happily escaped accident there, 


lh a 


} 


under the garden soil, and if 
and 
them to an 


lent 


accumulated sufficiently, give 
attorney of doubtful honesty to be 
out on mortgage. | remember only about 
fifty years ago being told by a booking 


clerk at a moorland station, about a hun 


dred miles from London, how two old 
women had recently paid for return 
tickets to London in threepenny-bits, 


and by a solicitor that an old man from 
had brought 


for investment on mortgage a large 


the same district just him 


sun 


in gold which he had so far been keeping 


in the thatch of his cottage. <All this is 
now changed, and when property, as a 
whole, and not merely the large prop 
erty-owners, 1s attacked, the great in 


the ‘*‘working 


formidable 


agencies of 


vesting 


classes’’ become opponents 


and are supported by the small direct in 
vestors 

And 
have become property owners, many of 
the the 


paid servants of 


who have been helped by them 


while many of the working-class 


propertied class have become 
public companies and 
other institutions, so that the old sharp 
distinction between the wage-earner and 
the capitalist is become a thing of the 
past, and the division of income between 
labor is no longer a divi 


property and 


sion between two elasses composed of di 


ferent individuals, but a division be 
tween two sources of income largely pos 
sessed by the same individuals 

Thus, in distribution, emphasis on the 
old categories of land, capital and labor 
is rapidly becoming obsolete and is being 
individual 
No 


por erty 


replaced by emphasis on 
riches and poverty, however arising 
relieving 
the 


bargain which theory conceives labor as 


longer do we think of 
by improving the terms of general 
making with capital; we are much more 
likely to meet with arguments that indi 
vidual by this 


general bargain being too much in favor 


poverty is being caused 


of the wage-earners. It is no longer the 


lowness of standard earnings that wor 
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ries the philantl ropie economist. but 


fact that so many people are unal 
rank themselves among recipients 
those wages. Emphasis is on unem 


ment 

really a 
The 
beggars who collected their daily do 
Middle Ages 


private 


Unemployment Is not 


modern phenomenon Crowds 


the from the monaste 


and from wayfarers and 


holders were, perhaps, as large 


portion of the population as the non 


unemployed ot to day 


registered 


‘*distresses’” of the period just pr 


t 


ing a hundred vears ago seem to 


been accom vanied by enormous ul 
I ; 


ployment, but we have no reliable st 


Statements. suel 
1817 


wholly un 


tistics. and the loose 


that in Birmingham in one ti 


of the workpeople were 
ploved and all the rest on half-time 
But so far as I kn 


hist 


shows unemployment to be greater w 


not help us much 
it has never been contended that 
population (or even population of wi 
ing age) is rapidly increasing 
Yet it 


eulty ot 


is common to talk of ‘‘the d 


providing employment for 


rapidly inereasing population,’’ 
some eminent authorities quite recent 
endeavored to console the public by 
that the 


growth of numbers will greatly alley 


+} 


leging coming decline in 
the present situation in regard to une 
ployment 

| believe this to be a protound erre 
based on an elementary misconception 
the The old prover! 
‘* With every mouth God sends a pan 
but 


origin of demand 


hands,’’ is true and valuable, 


more so than its converse, ** With eve 
pair of hands God sends a mouth.”’ T 


demand for the produets of industry 





not something outside and independent 


demat 


The 


for each product depends on the suppl: 


of the amount of products 
of products offered in exchange for 

the for all products «de 
pends on the supply of all 
Consequently, there is not the slightes 


and demand 


products 


+ 
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ger of the working population evet 
oming too great Tor the demand [01 
products taken as a whol 
nemployment arises not from insuff 
nt demand for the products of indus 
as a whole, but from the number o 
ersons offering to work in particular 


inches of industry being In excess 


number admissible, having regard to 


conditions and wages which are re 
ired to Satisr\ hot} the wou d-be 
vorkers who are unemployed and tl 
rsons already in employment. If tl 
inemployed will not take what employ 
ers would offer them, the case is simpl 
nd it is only a little more complicated 
they are willing to take, and the em 
ployers are wiliing to give, something 
ess than what is paid to the persons al 
ready employed ; but the two parties are 
prevented from coming to terms on that 
basis by the fact that those already em 
ployed would go out on strike if the ad 
tional contingent was accepted at 
ower rate than that which they them 
seives are recelving 
Now one of the commonest causes of 


such a situation is a falling off of de 


mand for the produets of a particular 


branch of industry The facet that the 
aemand tor any product et US Sav COa 
for example, falls off, is a good reason 


for fewer persons being « mpiloved in that 
branch of industry and more in other 
branches. If the diminution of demand 
Is very gradual, the necessary reduction 
in personnel can be effected by a cessa 
tion of recruiting. Many a branch of i 


dustry has graduall 
manner without much inconvenience or 
hardship to any one 
tion is more sudden, unemployment r 
sults owing to the natural reluctanee of 
persons skilled, or at any rate experi 
enced, in the particular branch of indus 
try to leave it and try for employment 
in some other. The thoughtless outsider 
Is apt to say that both the unemployed 
and those who are still employed in tl 


branch should accept lower wages. and 
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thev think of the others 


and be 


he predominance 


with others; i 
at all, 


it will be promoted by t 


Interest they sa \ lieve that 


of their own nation We can get no 
further that way, since the pretension of 
each 1s contradicted by the pretensions 
of the others. If we try to avoid this ob 
stacle by saying that we will ignore na 


tional and racial differences, and assume 


either that somehow the generally 


will grow at the expense ol the o 


that each as well as the whole will hav 
stationary numbers, we still have to face 
the fact that 


tinction between 


our conception of the 


wellare and 


PCONROTLIG 


welfare ol other kinds 1s ne bulous in the 


extreme, and that if it was clearer, we 
should not know—lI think we never can 
know—how much of the one should be 


regarded as equal to a 


the other 


riven quantity ol 


Different persons will give different 
answers. Some agree with Paley that 
ten persons with sufficient subsistence 
must be in possession of more welfare 


than a single millionaire; others with J 
S. Mill that the 


‘“‘human anthill’ 


turned into a 
be an 


The 


world 
would undesir 


Same 


able place of residence 


per 
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son will give different answ 
to his mood at the moment 
| spent my early boyhood 
vhich throughout my life hi 
most prosperous Eneland, 


I 


long lived nN anotl i Wi 
added motor manufacture ft 
in its old age, has lately bi 
nearly as fast nd son 
contemplate their growth | 
ke G. R. Porter when he 
‘Provress of the Natio 


period 1800 to 1851 
I tl 


ath 


ten, | ree 


| 


ink more oft 


and the unt 
Whien stretched lnk nV ear 
Oo within a few 


sath Hotel at Bournemout! 


hundred Vi 


the gasworks straddling the 
thre bungalows shutting 1! 
roads out of Oxford; then | 
Mill that it is well that 


should become 


necessity compels 


After 


stationary 


t 


time, and watching the effect 
page will be a very interes 
ence which I should lke tf 
born late enough to enjoy 


all, the increase mus 














THREE HUNDRED YEARS OF TOM THUMB 


By Dr. HARRY B. WEISS 


| nave at ntent l 1? ~ ‘ " ) " Re 
nt I racking the Sto! lon ‘ nts. } . 
imb to Its il! Although this has merry } S , 
tempted by various rned met so appears in D St 
results are not iV s Ss styving 1627 , 
yr. Johnson, it Is said, on hdrew ! . 
ittention rrol i ol t mal hie | imb has | 
ed hin ana t! wht Dou lon su ‘ . 


sell mn such cdIsting@uishe compa 
ps I too may be permitted to si Alte m H | . 
thoughts ab Tom Thumb a Tl rliest Tom 1] 
result of bor NW | pl ! pp . b | 


hundred vears, it seems necessal woul mn) 

mention briefly a few sand d S : thy au . 

iting 1 early nrorma ! 1) t Ton Ss Tt} 1) } , 
Thumb Reginald Se n his Dis the Ger S 

rie of Witehe: printed ! COV | ss (; 
los4, speaking ** Ot line apparitions Danis Thumb : 

people have beene brought 1 i that is rn 

eaes,”” mentions ‘Ton thombe’ In India Tor I} 

n vith the giants Ips, Tairies part in tl | ly 
satvrs, witches, goblins vith whiel hammedans 1] 

n our e¢hildhood our mothers maids Vamui Ss 

Si terrified us.’’ And Thomas water-filled n 

Nashe in ** Pierce Penilesse His Supp in the 
tion to the Dine Log rumbles Mahab 
That eul erosse bi ! | t Is sul vihiel n ’ 
fered to come into print S Tom 1 

orth a Pamp!l let of the praise ol one of ti e 
Pudding-pricks, or write a reatise of ealled Sy 
Tom Thumme, or the exploits of lowed b 
Vntruss: it is boueht Vp thicke ane and a sah ! ! ! 
threefold, when better things lie dead.”’ — safet) Aceordine to M 

In 1621 the tale appeared, in pros swallow myths 

n Richard Johnson’s ‘‘The History of ries whicl 
Tom Thumbe the Little, for his small ve rious natu 
Stature surnamed King Arthur’s ! mal ! Ss | S 
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Los 


plaining such events. Or an inventive 
story-teller might build upon an old 
myth Many folk-tales of various 
countries have been changed and modi 


fied during the passage of centuries, vet 
common characteris 
of their 


identity them as the 


they retain some 


tics and enough antiquity to 
remains of beliets 


customs and ideas of a forgotten ag 


In this account, however, we shall not 
vo back beyond the 1630 edition of Tom 
Thumb, which was bequeathed to thi 


Bodleian Library by the author of thi 


‘*Anatomy of Melancholy This small 


black letter edition bears the title 
“Tom Thumbe, his life and death 
wherein is declared many maruailous 
acts of manhood, full of wonder, and 


Which little knight 


strange merriments 


SCLENTIFIC 





Tom Thumbe, 
His Life and Death: 


Wherein is declared many Maruailous 
Aéts of Manhood, full of wonder, 
and itrange merriments : 





W hich little Knight liued in King Arthurs time, and 
famous in the Court of Great Brittaine. 

















London Printed for John Wright. 1630. 
FIG. 1. TITLE PAGE OF THE 1630 EDI 
TION OF ‘*TOM THUMBE’’ SHOWING 
TOM ON KING ARTHUR’S HORSE. 


MONTH 


TOM 


lived in Kine 


in the eourt of Great 
don, printed for John W 
The ballad, consisting 
opens as follows: 
In Arthurs l lr} 
\ man of kle mig! 
The best of all tl ible 
And eke go] knig 
His stature but n inch iv 
Or quarter span 
Then thinke ! this 
Was prou ‘d ‘ ul 
His father a n 
His mother milkt the 
B T yet the W ( re } 
‘*This’’ couple knew n 
Until such time his good 
To learned Merlin goes, 
And there to him his deepe 
In secret manner showes, 
How in his heart he wisht 
A childe in time to come 


LY 














THUMB’S MOTILER 
EDITION 
Arthurs time, and 


Brittain 


right 163 


of 135 
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THREE | 


TOM 


THUMB’S 


EDITION 


ild come true and 1 
“heeot and bon 
re’”’ and ii ir n 
s the plowman’s tl 
was under the pi 
ries ind it his ¢€] 


iS atte 
ith her 


as nal 


his early childhood. The fairy que 
othed him in garments which last 
many years, a hat made of an oak 
shirt of a spid r’s web. his hose 
loublet of thistle down, his garters 
ittle hairs pulled from ‘‘his mot] 

** and his boots and shoes rom 
mouse’s skin. Thus attired sa 
forth to play with tl nelehbor 
‘hildren, losing his ‘‘eherry ston 


stealing 


mates, in 


naded D\ Thre 


“traine ot Ge 


Tom Thuml 


ec 


a fresh supply 


dulging in suc] 


[UNDRED 
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lj T H Ft 
and Actons 


i Life 


| OF 
‘Tom Thumb: 


furn:fhed with pleafant miraculous Tales, and 
wondertul adventures pertorm'd by him, alter 
{ his fecond return from Fairy-Land. 





| Pie Second Part. 











Tendon: Printed & Soid by 1, How, in Pesticntt-Ore. 








FIG. 5. TITLE PAGE OF THE SECOND 


PART OF THE PETTICOAT LANE 
EDITION. 
batter he 


For in the blood and 


Was strangely lost and drownd. 


Although his mother searched long, it 


was in vain, and unknowingly — she 
thrust her son into the pudding and the 
But the pud 
that 


and 


pudding into the kettle. 
ding bounced around so violently 
thought the 
very charitably she bestowed it upon a 


she devil was inside 


passing tinker. Tom’s voice issuing 


from the pudding scared the tinker so 


that he threw it down and ran. Tom 
then emerged and returned home, but 
only to get into fresh trouble. When 
Tom’s mother went to milk her cows, 


she tied him fast to a thistle so that the 
blustery wind would not blow him away, 
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but alas, a cow came by and 


thistle, Tom and all, and Tom tr; 
leneth of the 


the entire cow’s alimet 


canal His next escapade hap} 
while he was helping his father 
He fell into the furrow, was ea) 
away, Just lke a grain of cor 
raven and 
Unt i giant ast 
In which he et } 
Where soone the giant swa 
His body, cloathes and 
But in his belly did Tom TI } 
So great a rumbling make 


That neither day nor night 


rhe smallest quic 
Whereas n fish soon 
And bore him The 

The Famous History of 


TOM THUMB 


Wherein is declared. 


His Marvellous Acts of Manhood 


FuLL OF WONDER AND MERRIMEN 


PART THE First 




















PRINTED AND SOLD IN ALDERMARY CHURCH YARD, LoNDON 
FIG.6. TITLE PAGE OF AN ALDERMAI 
CHURCH YARD EDITION OF TOM 
THUMB 
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‘ 
; 


‘into a pan of firmity,’’ in good King 


Edgar’s court, causing the cook to drop 


the pan and mess things up generally. 


Tom was drageed over to the kine’s 


table. VW here 


Witl ( ibs 1 st es, forks and pi 


elust as they hye van to vote on what 


form his death s| ould take Tom esca pe dl 
atmosphere by 


miller’s throat and 


from such an unfriendly 
Jumping down a in 
addition to vhistline, sineine and 


daneine, 


doetor and 


After 


twenty 


calling 1 thi 


learned men and after confess 


Ing to various thefts, the miller jumped 
‘Sand turn «l Tom Thumb into 


where hie Was swallowed by 


in a river 
the tide, 
a salmon which was caueht and finally 
Tom 


impaled 


kine’s steward 


purchased by the 


was brought before the kine. 
fork, but 


not to be Interrupted then by 


on a the affairs of state wer 


such a 
slender cause and so the cook was In 
structed to keep Tom a prisoner, whiel 
hand and foot 


he did by binding him 


and placing him in a mouse trap 
After an 
taken before the 


a good plea that he 


interval of a week, Tom was 


kine, but he made suel 
was pardoned and 


taken into favor. 
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FIG 1] KING ARTHUR RECEIVE? 
REPORT. AROUT TOM. FROM 
DOCTOR (1 ED 
His troubles. howe, ( ! 
end WI ile riding o1 ! 
ing with the kine, a farmer's 
tured both and ran to the top 
After a sad and_ bloody »| 
which the eat seratched nd T 
his sword through her. the eat di 
him Krom this encounter he 
recover His injuries wer 
And so the rainy queen sent ! 
swarm of pretty Fairy Sp 
him 
More . 
These Fain 
Did hi 
But ‘‘death’s fatal arrows pt 
vain,’’ because vas hurri 
again down from thi airy 1 
a third part ol the tale deals w 
Marvellous Aets of Manhood , 
after his second return” fro 


first adventu 


Land.’’ His 


l 


atter reaching the earth was so und 


fied and SO devoid Of roma 


only in a “‘limited and unexpu 
edition would it be proper Ni 
if In due course Tom finally app 
before King Thunston’s court wl 
underwent another tria 
through, as usual, with honors 
vratiating himself with the kine 
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Charles Il, Tom Thumb enjyoved con 


tinued popularity, and he was fre 
mentioned by 
Ritson in 1791, 


printed the 1630 version of Tom Thumb 


quently contemporary 


authors. when he re 
in his ‘‘Pieces of Ancient Popular 


Poetry”’ London), said that “every 
city, town, village, shop, stall, man, 
woman and child in the kingdom’* was 
familiar with it. John Newbery pub 
lished editions in 1768, 1786 and 1789 
Various versions circulated as chap 


beginning of the 


books down to the 
nineteenth century and even later. The 
tale was popular in this country, too, 
In the Boston, Massachusetts, Chronicle 


for August 29, 1768, John Mein adver 
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. ENTERTAINING HISTORY 


TOM TRUMB, 








In good King A. hur’s rei Tom's history first began, 
\ former's wile had sigh'd m vain to have a dar va! 
\ foury listen d to her call, and granted her thi 


But bemg very small, Tom Thumb she did him : 


LuaDes 


Pri ted and Publeled by A. Pane 47, Leenard Street, 








FIG. 13. TITLE PAGE OF PARK’S ‘‘ TOM 
THUMB.”’’ 

















FIG. 14 TITLE PAGE OF McLOUGHI 
BROTHERS’ TOM THUMB (187! 
tised “‘The Famous Tommy Thum! 
Little Story Book: Containing His L 
and Surprising Adventures,”’ 

Printed for S 
And in 1686, or some 8O years ear 
John Dunton sold **The History of T 
Thumb’’ 


though these titles were imported 


‘*London: Crowde 


in his Boston warehouse 


tale was printed in this country. J 
Boyle, of Boston, in 1771 printed ‘*T 
Kamous Tommy Thumb’s Little Stor 
Containing his Life and Adv: 
tures.”” And later, in 1813, N. Cover 
Jr., Milk Street, Boston, printed ‘*T 
Life and Death of Tom Thumb.”’ He: 
ever, English editions with their qual 


Book. 


woodeut illustrations continued TO €) 


culate in this country until the midd 


f the nineteenth century, some ga 
eolored in red, pink and green. M 
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Tom, in the palace, lived content; 





The butterfly flew from flower to flower; 

















; With the king to hunt, on a mouse he went The queen tried to catch it for many an hour ; 

One day, the mouse a cat espied Till at last, oh, direful tale to tell, 
And soon to catch him pussey tned Into a spider's web our hero fell ' 

J Tom drew his sword, and spoilt her treat, The spider ran to sieze his prey ; 
By slaying pussey at his feet Tom, with his sword, fonght valiantly ; 
Thus, Tom lived happy — without strife, Till, alas! the spider's poisonous breath 
Till the queen, in anger, sought his life Was the cause of our gallant hero's death 
In the palace he could no longer stay; In a bower of roses his tomb they rear'd, 
So on a butterfly he rode away And on it this epitaph appear: 'd— 

It ] IWO PAGES ROM PARK HISTORY O (>) S 
Loughlin Brothers in 1870 or 1871 pub illusions i . 


lished ‘*Tom Thumb” in their ‘‘Cind 
rella Series’’ and at present various 
American publishers ot children’s 
books usually include a stray title of 
‘Tom Thumb’ in their lists But 


in all, Tom is not nearly so popular nov 
as he was fifty or seventy-five vears aw 
Ever sinee the story has been current. 


thrilling adventures have been 


Tom’s 


told and retold, wit! 


The difications by 


each generation, and many variations 
numerous editions within 


Althoug! The 


the Sevente enth 


occur in the 
reneration 


century would not be 


permitted to circulate in thi 


nurseries 


ot to-day, it should be ren mibe red that 


in the seventeenth century Tom Thumb 


was as popular with adults as_ with 


children, and ho doubt some of the 
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rrew aL pivve! tT} ? nel Ti imb Tl ced por mere! as 
thistie whieh the ceow ite in 1630 has r ehildrer t wie r) 1S 
now become a butters ip fom’s ha Ss formance not unworthy tl ) 
made, not of an oak leaf but of a rose — the judicious Dr. Wagst 
leat And under no circumstances ts that the design of tl ta st 
| li now all wed rey b vona | mend virtue and to demonstt 
‘OW *s out S other either eS 
co mouth Hi motiel l r say however anv one ma\ shout 
him im time or the cow sneezes him t 
cdisacdval 1res sta 1! na ¢ 
safetv or the cow, hearing strange noises , 
0 he meanness o parent 
In her throat, simply opens her mou , 
: am mind and actions are above tl 
without further ado and Tom falls out ; ; 
ve : “ay vel, those very disadvant 
The real reason for the queen’s dis : 
a ; seem to depress him add a lust 
pleasure with Tom is never even hinted . 
ah . eharacter “ven } son 
at That of course would be unthink # 
. ‘*ada Ters Show tr 0 
able, and so the queen is made to appear | 
T ] ] \ore-i t Tl ( | | Ti} } 
jealous because Tom gets a coach and lore-ism at Has 
TrOnS t To The Ost rt ) 
SIX mice, or no reason is given at all ions, but for the most p tom 
Kisses have been injected into modern has been fortunate Im =escap 
Versions also Tom’s mother kisses hin clutches of the moralists 
} } ost + + 
after he escapes from the pudding and According to tradition 
before she puts him to bed Such an act died at Lincoh whiecl vas Oo} 
of endearment seems strangely out of five Danish towns of Eneland 
place in Tom Thumb’s life He is not cording to the same tradition 
at all kissable, and his adventures are stone was a little blue flagston 
not of the sort that admit ‘ xpr SS1IONS OT ceati edral wl TY ! | is lol Sitic 
affection But when ‘‘adapters’’ and peared Although the authent 
‘‘arrangers’’ go so far as to have Tom this remains uncertain, thi ( 
place carpet tacks in the path of the doubt about Tom Thumb himss 
cat then something should be clone very mueh alive to-d ! 
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HEREDITY AND DISEASE 


By Dr. CHARLES B. DAVENPORT 
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1G8 PHE 

the enlarged thyroid and Is very con 
mon, or endemic, not only among peopl 
but among dows and other don ST le 


animals Howeve) even In such revions 


population IS 
LOO 


Oniy a Traction o thie 


affected : but In certall Pamiies 


differences 


een are There are family 
1h) Lindnuanaty 

» + | + ] 

But how then do we account for tl 
fact that endem (? vroiter OCCUrSs Oniy 


is little iodine in the water 
this Hu 


yveness oO} 


\‘\ here there 


The explanation sees To bye 


; 


mans differ in the effect 


thyroid gland, and the degree of effe 


tiveness is hereditary Supposing the 


population placed like the successive 


strata of a cliff, with the least resistant 


at the bottom and the 
the top 


most resistant at 


Let us imagine a tide of noxious 


environment especially absence ot 


iodine) to be rising with increasing 
A low wave of 
those 


imperfectly functioning thyroid glands, 


noxiousness up this eliff. 
noxiousness will affect only with 
and, therefore, only a small part of the 
but if the 


noxlousness 


population will be affected, 
tide of 
will involve a larger proportion of the 


increasing rises if 
population, taking in even those wit! 
fairly effective thyroid glands. 

Note the delicate relation between con 
upon which 
The patho 


dishar- 


stitution and environment 
the disease, goiter, depends. 
logical result depends upon a 
monious relation between heredity and 
environment—a thyroid too insufficient 
to function the iodine 


For a constitutionally effective 


with insufficient 
intake 
thyroid a small iodine intake would suf- 
fice efficient thyroid 
might get along without enlarging were 


Even a_ poorly 
there much iodine in the water. 

This example of goiter shows clearly 
the 
medication. 


relation between constitution and 


Goiter results from a dis 
Goiter is frequently success 
iodized salt. Dishar 
corrected by artificial 
This principle 
would seem to be of general application. 


harmony. 
fully treated by 
mony may be 
means—by medicine. 


The girl who is going into a decline with 


tuberculosis may be saved by open air, 
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rood ood. ¢ 
Kor mat tl eXCt nt «ce P 
! il i! oblit rate fT ~ r? 

I poo Const l i! 


s nherent very ll} QS } 

XC ent e1! ronn ! ! {) 
ther hane mal Hie SIS 

es can live under the 

mposed by crowding, poor a 
sufficient food without showing 
culosis. In general, persons with s 
constitution can withstand sub- 
conditions. but wl ere the CONST 
weak the conditions of life must | 
best possible 

These considerations should 
hope to the constitutionally we 


point a moral to those who wis! 


children to be econstitutior illy ST! 
resistant, effective in world 


conditions can not always 


The hope hes in this, that 
with a constitutional weakness 
learns of that weakness and persis 


keeps himself in an optimal 
ment he may live long. It is a 

of sanitation to provide this optin 
vironment. It is the function of 1 


cine to restore the harmonious ba 


between constitution and environn 


it is threatened. Often in tl 


once 


} } + 
knowledge concerning 


the 


sence ol 





stitution ot individual The me 


profession advises a blanket prot 


Thus we give smallpox vaccine to al 
the army all received typhoid anti-t 


We 


sistance or 


make no allowance for natur 


+ 


immunity because it Is 


+ 


» determine 1 


practicable T 

Finally, where in the scheme of 
does heredity come in? Constitutio 
the fact that we 
Most of us constitution 


sufficient for most purposes and 


vreat must recog! 


+} 


have a 


will last for seven or more decades. F 


with some constitutional limit 


those 


it is necessary to know, first, what t 


limitation is and to adapt one’s lif 


including one’s biochemical life 0 
Every parent should know these const 
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or nurture. When the heredity of every ibout heredity and environmer 
individual is different and the enviror So far we have studied six : 
ment also differs, how ean we determin dentical twins reared apart t 
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UNTANGLING ONE OF NATURE’S PUZZLES 


By -rotesso! 


\ t! hemist's rk is cor 
rned th t problet the prepara 
tion of materials of known purity. Most 
ri rally occurring raw materials 

ire more or less compl d mixtures of 
substances whose properties are Similar 
If from these mixtures pure chemical 
materials are required, the work of purl 
fication frequently becomes the chief task 
in meeting the demands of modern 
civilization. For example, common salt 


one of our most extensively used chemi 


cal materials, is found widely distributed 


in the earth’s crust both in the form ot 
brine and as cry stalline rock salt It is, 
however, rarely found free from admix 
ture with other materials, such as rock 
soll and especially other soluble com 
pounds whose influence upon the salt is 


Some of these compounds, like 


salt a bitter taste, 


marked 
the bromides, give the 
while others, like sodium sulfate, absorb 
moisture from the atmosphere and make 


the salt sticky or cause it to form a hard 


cake. For most purposes the removal of 
such impurities from the salt is de 
manded for very obvious reasons. Our 
modern standards are becoming mor 


and more insistent that salt must be ‘‘all 
salt,’ and as a consequence the manufac 
turing chemist must continually improve 
The 


taking 


his methods of purification. rock 
removed by 


that 


easily 
Tact 
consequently the 


and soil are 


advantage of the salt dissolves 


In Water simple proe 


ess of filtering removes these impurities 


almost Such treatment, 


completely 
little influence 


the soluble 


however, will have very 


upon the task of removing 
compounds 

In the purification of salt two 
available 1) addition to 


chemical substance 


_ 
reneral 


methods are 
the brine of 
which will change the soluble impurity 
to an insoluble form, thus permitting its 


some 
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tallization it must be remember: 


be avoided 


under some circumstances 


ties will ervstallize before or 


the salt Consequently, the cond 
must be controlled in such a 

the salt crystals may be separat 
completely as possible from thos 
stances whose removal Is desired 


crystallization will never complet 


separate two soluble compounds, b 
the erystals which form first 

be wet with the solution of the 
pound. Thorough washing of 
tals will aid materially in 1 ! 
difficulty, and several repetitions 


process are eTTec 


crystallization 


bringing about a reasonably con 


separation. It is very obvious, hi 


; 


that the preparation ol 


chemical 


sodium chloride from such comp! 


Salts as are 


mixtures ol 


water is a task which presen 


of considerable proportions 


/ 


This simple illustration 
indicate difficulties encountere 


the chemist’s perennial task of prep 


the 


a chemieally pure substance 


/ 


rally occurring raw materia 


that nature in rare Cases SUpPDpIIt 


material in a high state of purity 


clear water-white diamond repres 
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i. rt S opt } ada culties al 
encountered because I minerals al 
retract na al ictantiv to chen 

i! tr tT! nT \fter t} niaterial IS 
Orou I to solutiol nd attempts al 
made f Intangle the resulting complex 
mixture of salts by res Ing it into a 
series definite individ chemi 
COMPO iS ! \ i perpleXing ob 
Sta . e encountered Whe i! t 
tempt is mnade 1 pp I methods ot 
sepal 1 rn vile Hl LISI @) ) ved 
In tl purification ¢ chemical mMixtul 
extre! SIOW pl ress Is nad mm Thre 
reasol t! . oe ( ! ~ this vroup 


re I ects one renerall 
react witl The ind to about tl 
same deere As result special met] 
ds must be pplied ane e best of these 
ire lamentably lackn n ef ney As 
a consequence the most userul methods 
of purification which are now known ar 
frighttully wasteful and wholly unsatis 
factory. 

Thus it appears that the pi ss 0 
untangling this complicated = puzzle 


which nature has e difficult 


iven us Is 
and expensive alike from the standpoint 


or time, money and 
the 


been prepared in considerabl 


patience some 


members of rare earth group have 


quantity 
and ina hich state ot these 


purity mies 


now be purchased in the 
bulk 


the 


open market 


' 
sonable cost 


in large and at a rea 


\iost of 


group | 


individual members of thi 
lave 


ite ol 


been prepared in a satisfac 


tory sti purity, as a result of long 


painstaking and patient effort 


some separations have never been ac 


complished completely, because several 


portions of the puzzle remain yet to be 


solved. For this reason the compounds 


of some of the rarer members of the 


almost or inattainable 


With this situation 


group are quite 


in mind it Is easy to 


understand why illinium, which appears 


to be the rarest member of the group, it 


not one of the rarest elements 


how 
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CHEMICAL RESEARCH IN ICE MANUFACTURE 


By Professor 


consid ne e industi rrowtl 

or the ¢ nt auring ! past twent 
vears it is interestine discover that 
ore } a? ate STries | i‘! cleve 
oped durit s period was the produ 
tion « ( ’ t is only possib 
to gain an accurate conception of tl 
true proportions « s development b: 
considering the t that ring 1929 
54.000 000 fons yere produe al 
the retail v: ft whiel iS approx 
mately $400.000.000. Sing in additior 
to ws s ie naustry IS ntimatel 
eonnect ec Tie emerent mainte 
nanes ( publ ye hie tl ITS problems 
caeser\ Dal ( al ttentiol 1h thie 
form of effective researe] In the past 
this attent has been centered in 
studies concerned wit! the effieler 
f the mechanical units com 


operatiol oO] 


thre ret 


prising 


iting evel During 


wer 


a recent investigation conducted at the 


University « 


lems more inth 


production of 
been made thi 
search 
Krom a 
the 
ive 
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» a 


not mVve an 


cedure 


ist 


ammontk 
means of mec! 
pre SSOTS and Is 


the expense of 


concentrated 


pub shed } eng 
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for Iee Manufa 
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Eng neering I per 


Illinois 


artificial 


manhuracturi 


S compressed TO 


1] however, 


nately 


prob 
the 
have 


INOS, 


coneerned in 


itself 


ty extensive re 


basis ( 


vy mechanical standpoint 
yrocess itself does 


ne ? 
= &§ 


extremely involved pro 


ous refrigerant, usually 
a liquid by 
operated com 


boil 


from 


anically 


then allowed to at 


heat absorbed a 


ilt solution containing 
based , ” 2 

I ng Exper el statiol 
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ture,’’ | Professor Dana 
( Engineering Division 
nois Published | per s 
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0 
ther sodium or eal 
I l ( rect bi l l 
Hi it exechal S , 
ratus which « - 3 
\ iquids b neans 
TI immo} pol 
‘Sh SN sa } ( mip! SS 
» «anndanua 
| to the ¢ pol 
~ mtinuous, closed s 
t of using Tl rel 
T heat from the bi 
‘ heat thus extract 
vater used to « 
Wilhe Its nip ss l 
The brine, cooled b 
neat in the ammonia Vap . 
( circulated past s . 
ne the water to b 
ormed at the sides nel Db ! 
cans, thus leaving the i! ! 
confined 1h Col Houle ) 1 
ing walls « le When t 
completely frozen the cans are ren 
from the brine and placed in a 
tank which is filled wit! rn 
Here a thin laver « ic Ss mie ‘ 
the sides and bottom of the cans 
allowing the ice to be removed whe} 
cans are sufficiently inclined Tl 
removed, the cans re refilled 
water and returned to the freezing 1 
To vield another crop ¢ 
The production of ice Is thus seel 
result from the ir ! 


chanical energy, the total 
being equivalent to 
compressors to return 
the 
the extraction 0 
In the 


econe mical 


liquid state amni 


‘ 


during 


brine original } 


that obtained 


expel d 


Nila Va 
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conditions occasioninge the formation of 
opaque ice results 

[f the composition of the origina 
solution is such that an insoluble com 
pound may be formed as the result o 
concentration, solid salt will eventually 
separate with the ice as an eutectic mix 
ture. Due to the fact that an euteectie 
gvenerally possesses optical properties 
which differ from those of pure ie 
alone the solid will appear opaque. <A 
further disadvantage of the separation 
of an eutectic mixture lies in the faet 
that when the ice melts the salt does not 
redissolve but remains behind as an in 
soluble sludge, a sludge which either 
clogs up the drain in the domestic ice 
box or coats the produce which it is used 
to eool during shipment to market 
The separation of salt with the ice may 
he effectively prevented, however. by 
treating the water chemically before it 
TS ot low solu 





is frozen so that the sa 
bility are converted into more soluble 
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of this tendenev ben dependent upot been delivered to a single pon 
the initial concentration f the salts iv the center of tl bh 
the solution and the rate at which te cal as indicated in Fie. 2 As 
formed at the erystal face. Unless the effective movement of 1 
(‘( ntrat ! 0 The salt IS etfeeti STS mn The form of a } 
prevented — the eritiea eonecentratl hose apex corresponds t| 
recth ervstal orientation ma | ntrv of the an The n 
reached the filn ne before the ec tion results not at the si 
centration f the salts in the main bo but in the eente It 
of the untre n solution becomes mat ever, where the most 
rially altered f needed and esp 
The most effeeti \ to pl t ring the initial fh i 
local concentration in the surface film Is mple of inefficient 
to agitate the solution as it is ben ere the initial salt coneent 
froze bv agitation the concentrated vater being frozen is | 
salt solution formed in the fluid film is n Fie. 3 \s a result of 
mixed with the main body of the solu cedure it has in tl vast beer 
tion whieh is more dilut In commot impossible to produce market 
practice agitation is accomplished by from raw water sources containit 
expanding air under pressure into tl n exeess of 600 to 700 p 


bottom of the eans filled with water. lh million 
rising to the surface the air imparts a During the course of the pres 
certain degree of motion to the liquid vestigation a new type 


which in turn results in the desired has been developed whereby 
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In 1892, after two vears as 
itl Abel Was 


irmacology nm 


proressol 





at the | Hhiversity ot Viel ey 


called to the chair ot phi 


the Johns Hopkins University, and he 


entered on his duties at the opening 0 
The 


SCHOOL | 


medica 


proressor ol phir spolo@ical 


been appointed ne Was as d to give | 
tures and to supervise. the boratol 
\ rn il That cl ile ! Tee is 
thereatter the two departments phys 

0 j el miistl! (| pl rl ( ry 
el both under his ad ti?) 

Tie eariy Vears ol tl medical 

SCHL soln ( Abel's work a Ol 
purely biochemical character as, for e) 
Urry pte his isolation of etl sulphid 
from among the products secreted by 
the dogs kidney and his study of tl 
Volatile mercaptans of the secretion ¢ 


the common skunk. His familiarity 
with both stable and unstable aliphatic 
sulphur compounds of the animal o1 
ganism bore fruit many years late! 
When m 1925 he and the writer wer 


workh on tire purification of crude 


insulin extracts as guest research work 
ers in the Gates Chemical Laboratory 
of the California Institute of Teel 
nology ut Pasadena { 1borhila Her 
(bel obse rved that all cTlve i@TIONS 
Of insulin preparations cont ned lab 
sulphur in proportion to their blood 
sugar lowering power, ad t > proved 
to be the clue Whicl al s subs 
quent SLUCCOSSTU ery sT ! ( 
SULIN 

Very early in nis Career he took up 


cheniica ana pHVslologh STUCIeCS  ¢ 
those Important and elusive products o 
internal secretion, now known as hor 
mones, of which ‘‘the race is both the 


beneficiary and the vi Barker 
In 1895 he 


of the 


isolation 


extraordinary 


hl oe ad pre ssSture Tails 


ing hormone elaborated in the medul 


lary portion of thi vlands. 


A number « 
problem with the re 


suprarenal 
devoted to this 
the 


obtained in the 


f vears were 


it that active 


ST] 


rorm ol 


principle was 


SCTEN TIE TLE 
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a monobenzoyvl derivative I 
named epinephrin Later 
obtained the free base dre) 
Omitting ben: iT1loO) nd precip 
Out thre hase rol I" Con 
solutions with ammor \bel’s 
publications on his plo ! ! 

( cl have beer ! ( or ) 
( papers hy 1 I ! xT rors ¢ 

P th, phys Ovi : 

a ee Chenille CONSTITU } (i 

~ This norn } Ye; rs Tey ] 
1913 Ab cule a 1 a 4 
Ss a constituent the « 
secretion of the skin glands f 
ropical toad, Bu . 
not only produces epinepli 

e in its suprarenal organs, D 
i irve amount Of This subDsti 
SKIT vlands mount yr to 6 pe 

the moist secretior We 
the first eXalple Ol al Interna . 
tion or hormone vii ( 


rortecilive PoOlsol ! tel 
skin secretion, After mat 11 
VOrKers | (| ailed \ be STC ( 
isolating mother cryvst ! Colmn) 
Du vil ro T s Toad s ! | 
| Sap erful heart st nf ( 
Ss py verqTul as md SI | ! 
hi cnown digitalis 


W itl \\ \\ Ford tron LO06 


searches were underta ! nt 
Prine ples ¢ tl POs 
Lin / les ne | 
terature S t} dest! 
Ford had shown in animal exp 
tT! t this Tungus contains tf } 
principles of unknown characte 
OmMposition, one a heme Vsil he 


other a non-hemolytie toxn hie 
VSIn Was Isolated by Abe nad | 
though not i crystaill rl 
found to be a nitrogenous sulphu 
taining @lucosid The deadly const 
ent of the fungus, the toxin, was 


isolated as a stable chemic 


ent compound containing both nitro 


and sulphur. This toxin accounts 


for the lethal character of this fir 
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with glomerulo-nephritis; he has beet 
able to alleviate their svmptoms for five 


blood 


or six days at a time when their 


again accumulated the variou rea 


| . 
their diseased kidnevs 


principles that 


can not eliminate 

Among other kis of work Coming 
within the range of Abel’s scientific 
tivity are the action of various dy 
stulfS in causing convulsions in frogs 
under various conditions, studies on the 


lvmph hearts of frogs, studies in plas 


Inaphaeresis, prool that proteoses eXIst 
In the Tree state In all the organs of the 
body as integral constituents of their 
cells or tissue spaces; that proteoses 
are not present in the blood in the fre 
state, although they dialvze throug! 
membranes, but circulate as a com 
pound or compounds of proteose and 
protein; that histamine is widely dis 


the 
such but probably 
labile that 
the posterior lobe of the pituitary gland 


tributed throughout the « 


reans ol 
body either as more 


in the form of a precursor ; 


throws out active constituents 
not 


form of a 


its highly 
but in the 
These re 


alluded to 


| 


as separate individuals 


unitary hormone 


searches which can be only 


here h 


ave given Tris to an extensive 

literature often controversial in char 
acter 

One of Abel’s major achievements 


his 
the 


hormone, insulin, as a beau 


remains to be deseribed. namely. 


separation and isolation in 1926 of 


pancreatic 


tifully erystalline compound from. its 


admixture with proteins and other inert 
extracts It 
high 


and marked instability 


constituents in pancreatic 


is characterized by a_ relatively 
sulphur content 


toward reagents and is 
the 
not be 
the 


example of the isolation of an internal 


many chemical 


Intes 
ad 


first 


destroved by the ferments of 


tinal tract, and henee can 


ministered by mouth. This is 
secretion product or hormone that must 
the 


other example among many of the pro 


be classed with proteins It is an 


duction by one ot our TISSUES ot a pow 
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erful drug with quite sp 
indispensable for health, but 
overdose, unless prompt 
by glucose I} true sig 
this discovery. and the larg 
work that has followed fron 
laboratory as well as oth 1) 
can not be bol ! ! 
Not least among tl} ont. 
Professor Ab to t ( 
the biological sciences is tl 


vith tl te Dr. Christian A. H 
1905. and the Journal « Ph 
md Erperimen 1 The f 

y} lel hie xT eaits i SNC 


» ' 
Professor oJ. A. Gunn. ot 
England 


Honorary degrees have bes 


versitVv in 


Professor Abel by a numobel 
universities in this countr 
rope He has also been t! ! 
several medals and prizes bot! 
abroad He holds membership 


learned societies and 


nonorary 1 


seven forelgn se 


ship in 
and acade MLIeS. 


Abe! Nas a he 


> 
Professor 


pupils, many of whom | lL ] 
ships here and abroad and 

tained distinction. A numbet 
have at one time or another du 


period ol apprentices! lp ASSIST 


carrying on the above resear 
always they have been urged 
their hand at problems of thi 
devising. Thus encouraged and 
ported by the master and spur! 


hy the eXaliple eonstant \ betore 


of his own indomitable enthusi: 


unquenchable devotion to resear 


Tes ha 


fessor Abel's manv associa 
important contributions from his 


tory during the past forty vears 


who will read his address 


One 


‘*Education of the Superior St 
which appeared in the Journa 
veal Education will find the secret 


influence on voung men 


KE. M. K 














THE PROGRESS OF S« 


THE SECOND NEW ORLEANS MEETING OF 
TION FOR THE ADVANCEMENT 


} S S ) 
? }) ~ ‘ 
s ‘T lis ace! J 
~ ake. ISTORNS 6 . 
Ss peop It is as u - \ 
yet ( pl SS rest ( ‘ 
} nd ) sp } ~ } ~ 
rie | TS. wT r ~ } 
S 3} re ol SS S 
New Or] ne te s ( t 
s had a most romat hist 
s unded ! 171s 1) J 3 TIS 
a Bien | re) ( 
\ I's s L 
s AT Sci. il \ 4 
~ ) i i ) i ~ 
Uisiana which vag L tl 
e Mississipp northward to 0 
a ina te) S ! 
} } 
In 1768 . | : 
sed te | if OO hat 
nts N (>) S ‘ S 
nding s ‘ ! 
s ~ ? ~ 
pt the cessi S| . Ns 
bv their s ! 
Nip l I t Spans 
o's ( ! ss I I] 
But i r D Alex 
nal () ‘ 
? | ~ | ~ 
()) XN, ~ 
Spans ve » S4 
ae ‘ “ 
hntatives l ! a l 
| \ ney ‘| ~ e] rs ~ 
remonies, the s t Ss 
rom the hands I ! ‘ 
bp! ct 1 TI ~ ( } — ~ 
for the United States 
In this historic setting was held t hy . 
eighty-ninth meeting of the association 


And, strange to say, there was no dis 


INCE 
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OF SCIENCI 
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Many excursions were planned to places one who participated sp 
of interest both within and without the itively of these excursio? 
cits No American city offers so much well chosen and admirab 
that 1s unusual to the average Amer In addition to the out-of-doors 
ican as New Orleans. The old Frenel sions, a number N ( 
Spanish and Creole quarter, known as and other entertainme 
the Vieux Carré, is espe ly tractive by the committee of | 
because of its Old World atm sphere, Mrs. A. B. Dinwidd 
its nari streets, its picturesque build The attendance at 
Ings, Its galler.es with their decorative irger than had be 
wrought-iron railings d its beautiful 1,450 registered, | 
courtyards. It is one of the few spots did not register or 
! United S eS \ re ternational rs or Ul Wilson © 
histor has brneie It was in this raged betwee i 
quarter th drama of the Spanish — ne of whom regis 
d French oc ) on t its SU ‘ sa fo say Ul U 
sive shifting of political, racial and eu SE 
tural emphasis, was staged In spite of eure 
the great chang ive occurred, the The event aart 
atmosphere OL those days still remains. popular, thi SUMEECS 
Kor this reason the Vieux Carré is to- tween 1,500 and 1,800 
day the favorite rendezvous of those large attendance as ft 
painters, musicians and writers who tional and probably res 
either live in New Orleans or go there part, from the advan 
to spend the winter about 12,000 tickets 
The country about New Orleans Is as closing of the exhibit 
interesting and unusual as the city itself, ing just before each ack 
and the trips to various places outside The meeting was Ope 
the proved very popular Ever) evening by The wel r 


cits 
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Cc aS, ; 


SCIENTIFIC EXHIBIT IN THE AUDITORIUM 


» SO LS,Q00 VISITORS 











The address on Friday evening was by the relatively large number of ip 

Professor Irving Fisher, of Yale Univer- papers, covering a broad rang 

sity, who discussed the causes of the jects, and particularly of invited p 

present world depression, repeating the arranged in SVliposia (ot these s 

substance of his address in a radio talk  posia the joint session of the phys ! ( 

Immediately afterwards. and mathematiclans was perhaps 1 ( 
The scientific program was more ex most noteworthy. 

tensive than had been anticipated No other token of recognition of s 

About 1,300 addresses and papers were _ tific merit in this country is of sucl 

presented—several hundred more than spread interest to the public as 

the number expected. The surprising nual award of the association’s $1, 

thing about the papers, however, was prize for a noteworthy paper pres 

not their number but their quality at the meeting At 1 New On 

The proportion of contributions, includ- meeting this prize was awarded 1) 

ing material of unusual interest and Carl Caskey Speidel, of the Universit 

value and written and delivered in a_ of Virginia Medical School, for his p 

¢lear and lucid manner, was consider- on ‘*Studies of Living Nerves. Il 

ably greater than it has been at any tivities of Ameboid Growth | 

meeting heretofore. The reason for Sheath Cells, and Myelin Segments 


this is not at first sight evident, and Revealed by Prolonged Observations 


indeed is immaterial. For several years Individual Fibers in Frog Tadpoles 


there has been noted a constant and con Dr. Speidel’s paper was remark 
tinuous improvement in the programs. not only for its unusually high scient 
It would seem that the members are com value, but also for simplicity and 


ing to the conclusion that the meetings of ity of expression. He knew exact 
the association provide the best and most he wished to say and said it in 
appropriate setting for the first an- that any one with a reasonable educat 0) 


nouncement ot new discoveries and new and some knowledge Ol DIOLogy i 


ideas. understand. It was received by 


A special feature of the meeting was’ Press Service well in advance of 
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‘ u ~ s 3 
‘ Dal , nfined St . 
S S mip ! UU. 8. W | S 
! \ \ ~ re Liss ( | 
‘ ! ! u Was ) | 


| 
rests ng fas- dustry; B | H 
0 ! . ) New \ 1} ( \ 
~ (| ] } ~ a ( } ) { { 
Slal murehase ! ~ ! Prog SS { ~ 
siological changes u Amet For e 
. eats al . heaves New O New O 
special depicting . the N . S Selene 


xas and New Mex display of liv- Bronx, New York; Soviet Petroleun 


inv other exhibits equa nteresting Northrup Com} 
he adequate displa: ort tT se e@XhHIDITS The exhibits 
is made possible through the courteous  wondert Cross 
nd generous act n of the ( t if New ments and ‘ 
Orleans, whicl rovided free of a enc A stud f <hibits rnished 


arge space in the Municipal Audi of itself alon 


rium having a rental \ ili f $3,250 rundamentals ol aern s 








}Ov 
It was estimated by those in charge 
that about 18,000 visited the exhibition 


hall, demonstrating in the most effective 
that the 
ciated by the people of New Orleans. In 
a letter to the 
the meeting Dr chair 
man of the loeal **'We 
of New Orleans and Tulane feel that vou 


have helped to sensitize our community 


manner exhibits were appre 


exhibitors written after 
Elliott, the 


committee, 


DS. 


said 


to the achievements and potentialities ot 


that 


and it you 


science, Is our opinion 
have rendered a= splendid service to 
science = 

(Quite as interesting and diversified as 


the non-commercial exhibit was the com 
merelal exhibit assembled by Colonel H 
» Kimberly and displayed in the Vene 
Hotel 


ers in all types 


tian Room of the Roosevelt 1X 


teen firms, including dea 
of laboratory and ¢lass-room equipment 
books, filing cabinets and biological sup 
plies and specimens, cooperated In this 
Much of the 


Was new, and a 


exhibit laboratory equip 


| 
i 


ment shown number « 


ROBERT 
WARD Was born In 
Nove mber, 
the 12th of 

was the I 
Anna 


Henry 


DeCourcy 
the 29th of 
and died in Cambridge on 
November, 1931. He 
Ilenry Veazey and 
Merrill Ward 

father, spent much of 


ROBERT 
Boston on 1867, 
Saltonstall 
Ward, the 
life 
in Valparaiso, Chili, with the firm of 
Huth 


retiring 


his business 


K’rederick 
on 


commission merchants, 


and Company of London 
he came to live in Boston, then was ap 
pointed consul from Chili at the court 
Robert 
months old, 


of Saxony kor this reason was 


taken to Dresden when six 


remained there four years, then a year 
in Lausanne, where his father died, a 
year in England and returned to Boston 
in 1874. He attended Boston 
preparing for Harvard at Noble’s 


School. Entering college he vraduated 


schools. 


in 1889. summa cum laude. In his 
junior year he became interested in 
studies of the atmosphere’ through 


eourses taken with Professor Wm. M 


Davis. 
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DeCOURCY WARD 





MONTHLY 


applances were here demonst! 

the first time . 
The exhibits serve a most uset : 

pose in illustrating in a broad | 

eral manner the association’s pi i 

As we look back on former 

difficult to understand how wi 

alone without them 
The program Is one Tl L 

background quite another. Most 


tant is the setting by m 


meeting, of which the nucleus is t 
eram, Is made to harmon 


background 


Nothing is self-accomplishes 
MmonlOUsS NeeTIng IS The Tangible } 
well-directed, unremitting ! 
thankless work 

The — association pprer 


keenly the unusually efficient at 

tive manner In Which the loc: 
tee carried out its work, and 
them its sincere and cordial 

a most unusual and sueccesstul m 


Austin H. ( 


After graduating he sp 
Europe, and returning in 
1890, became an assistant i 
and meteorology at Harvard 
Instructor, 
and in 1910 
He was the 
in America 

In 1897 he 


of Saint 


ASSISTAl 


he came 


of . 
proresso! 0 (’ lH 


first one to hold sue} 


Miss Emma |] 


With TWO SODS 


married 





Louis, who, 

two daughters, also two sisters, s 

him. 
Ward 


1 
; ; 
eacning 


had an Intense 1nit 
and as a pioneer in | 


did an immense amount to br 


vether and assimilate the knowled: 
his subject and put it in 
instruction. Constantly revi 
tures and laboratory work he « 
To elve his students the 
ciples of the subject and the fu 
latest information possibl 
He was a great believer in 


gather first-hand know 


traveled 


and to 


his subject extensive! 
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Was Tond of the sea and In his yvounger 


days made many trips to Europe; he 


went to South America three times 
visited the West Indies, traveled in this 
country, and in 1929 went around the 


world. 
Besides his teaching, which he kept up 


with most painstaking eare, both in 


Harvard College and in Radeliffe, he did 


amount of administrative 


an immense 
was on the administrative 


Harvard 


thirty years, chairman of the 


work. He 


board ot College for over 


board of 
freshman advisers for many years, also 
for several years chairman of the depart 
ment of and 
addition he 


other faculty committees 


geology geography In 


{ 


Was at times a member of 
Too much TO 
_ — P . } + | li] ] | 
require of a man, but he liked the work 
did it 


eood judgment 


and with painstaking care and 


of his active professional 


Outside 
career he was deeply interested in safe 
guarding the country from unlimited im 
migration. From the early nineties he 
instituted and kept up by 


effort 


writing and 


interviewing an active to awaken 


and edueate the American publie on this 
important matter in which he became a 
authority With the late 
Preseott F. Hall, in 1894, he founded the 
Immigration the 
first organization of its kind in America 


recognized 
League, 


Restriction 


member 
ot the 


Kor over thirty vears he was a 


of the executive committee, part 
time chairman or president of the league 
his son Henry 


This interest Is carrying 


on. 

Besides his teaching, administrative 
and immigration work he did a large 
amount of writing. He published 


Exercises in Elementary 


1899: ‘*‘Climate 


** Practical 


Meteorology,’’ Consid 


ered Especially in Relation to Man,’’ 
1908, with a second edition, 1918; ‘‘ The 
Climate of the United States,’’ 1925; 
‘*Handbook of Climatology,’’ 1903, a 


translation of the first volume of Hann’s 
** Handbuch 
sides these. which are accepted as stan 
dard 
300 


der Klimatologie.”’ Be 


published over 


books to day . he 


longer or shorter papers, and 1 


notes or reviews on 


numerous 


addition 
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topless connected Wit! his wo 


writing was always clear and 


and is a remarkable 


prool OT] 


Everything 


rence and ability 
did he did well and his publicati 
accepted by men competent to 

those of a master in his subject 
MONTHLY 


ers of THE SCIENTIFI 


preciate the great value of the 1 


articles contributed by him to the 
Zine, 

The death of Robert DeCour 
takes a man eminent in his chos 


and ol exceptional nob 


fession 


character Painstaking, carefu 


rate in his work. whether 


writing or administrative 


r careless in his 


nothing loose ¢ 
He was always to the point. Of 


tive, nervous, highstrung temp 


he so planned his time that he 


plished an extraordinary am 


work Liberally generous with 
he was exacting with himselt ! 


41 
} 


sparing in devoted service to 
sity and to publie affairs, in wl 
took so keen an interest 

He was always interested 1 
tical application of his subject, « 


A cu 


eentleman’s p 


ogy, to human affairs 


gentleman, with a 
unassuming, le 


best Ill a l 


view, simple, 


what is 
Dean 
nothing 
His 


great gap and many a sad heart 


example of 
sity man. As Briggs said 
‘* There 


anywhere.”’ 


Was finer than Y 


going will ma 

It was my privilege to know W 
intimately, having been in his dey 
Harvard for 
also for years his next-door neighb 


ment at many years 


Cambridge. His loyalty and devot 
his friends was an essential 
life 
the highest order, and I have 


part ol 
His sense of what is right 

Know! 
to do things very hard to do bee s 


His l 


right character, his lovalty and his s 


his keen sense ot rectitude 


of justice were an influence on 
him and will be an inspiring and be 
ful memory to his friends 

Ropert Tracy Jacks 














